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ABSTRACT 

A marine geophysical suivey of the northern Rockall Trough including 

the Banks to the north and northwest, the Wyville-Thornson Rise and the 

Hebridean continental shelf was carried out i n 1 9 7 0 and 1 9 7 1 , 

G-ravity, magnetic and seismic r e f l e c t i o n data indicates that the 

central Rockall Trough i s underlain by about 5 km of sediment overlying a 

normal oceanic crust. The sedimentary thickness decreases to about 3 km and 

the crust becomes anomalously thick at the northern end of the Trough. 

G-ravity and magnetic interpretation suggests that the Faeroe-Shetland 

channel i s also underlain by anomalously thick oceanic crust. 

G-ravity interpretation indicates that G-eorge Bligh, B i l l Bailey's and 

Faeroe Bank are underlain by crust of continental thickness. 

The Wyville-Thomson Rise, which connects Paeroe Bank to the Scottish 

continental margin, i s composed of two basement ridges of pre-Lower Oligocene 

age shrouded by sediments up to 1 . 5 km thick. The northeasterly ridge i s 

continuous from the Bank to the continental margin but the southwesterly 

ridge terminates about 5 0 km from the margin. Magnetic and gravity evidence 

indicates that the ridges are composed of igneous material and that c r u s t a l 

thickening occurs beneath the ridges. An intrusive ccmplex of unknown 

age l i e s beneath the southwest flank of the Rise. 

G-ravity, magnetic and bathymetric interpretation indicates that the 

Hebridean continental s h e l f i s underlain by Lewxsian basement. G-ravity 

and magnetic interpretation indicates that a NNE-SSW trending sedimentary 

basin about 1 . 5 km deep and with a p a r t i a l covering of Tertiary lavas l i e s 

between Lewis and the Plannan I s l e s . 

Tertl&ry intrusive complexes, recognisable by t h e i r magnetic, grav­

i t a t i o n a l and bathymetric effects, are present beneath St. Kilda, below 

the continental slope 7 5 km northwest of St, Kilda and beneath the shelf 

2)J0 km north-northwest of the Butt of Lewis, 
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CHAPTER 1 

INTRODUCTIONc 

1-1. The region studied, 

The area between northwest Scotland, Rockall Bank and the 

Faeroe Islands ( F i g . l ) forms an unusual part of the east Atlantic 

margin. The Scottish continental shelf i n the east i s separated 

from Rockall Bank and other shallow banks to the west and the 

Faeroe Plateau to the northwest by the Rockall T r o u ^ and the 

Faeroe-Shetland Channel which are between 1000 and 2000 m deep (Pig . 2 ) . 

The Wyville-Thoanson Rise connects the Paeroe region to the Scottish 

shelf and thereby separates the Rockall Trough from the F&eroe-

Shetland Channel to the north. To the south, the Rockall T r o u ^ 

opens into the main part of the A t l a n t i c Ocean, 

Geophysical cruises, involving a t o t a l of about 7 weeks at sea 

i n 1970 and 1971» were planned to study the area using seismic r e f ­

l e c t i o n , gravitational and magnetic methods. This thesis describes 

the c o l l e c t i o n , reduction and interpretation of the data, 

1,2. The geology of the regions 

1.2.1, The land geologyo 

The oldest exposed rocks i n the Scottish area are the Precanbrian 

Lewisian complex which i s found throu^out the Outer Hebrides and along 

much of the west coast of the Scottish mainland (Fig.3). Two major 

erogenic events, the Scourian and the Laxfordian, have folded and 

metamorphosed the Lewisian rocks. Those rocks only affected by the 

older Scourian orogeny belong to the granulite facies and are preserved 

i n massifs. On the mainland, three major massifs are separated by 

amphibolite grade gneisses of Inverian age vrtiich i s an intennediate 

orogenic phase. Rocks metamorphosed by the Laxfordian orogeny are 

mainly banded biotite-gneisses containing amphibolite.r and f o l i a t e d 

NOV i 
, SECTION 
LlBR^R1 
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granites (Tfetson I 9 6 5 ) . The Scourian occupies the central area 

of the Lewisian outcrops on the mainland whilst the Laxfordian l i e s 

to the north and the south (Fig,3). A similar configuration i s 

present on the Outer Hebrides although i t i s l e s s c l e a r l y defined 

(Deamley I 9 6 2 ) . Gravity and magnetic evidence suggests, however, 

that the Laxfordian i n the north may be underlain by Soourian pyroxene-

granulites (Bott et a l . 1972) . The Moine thrust marks the western 

boundary of the l a t e r Caledonian fold b e l t . To the east of the thrust, 

outcrops of remobilised Lewisian material occur as i n l i e r s i n the 

cores of seme Caledonian folds. 

The Scourian granulites are s i g n i f i c a n t l y denser than the Lax­

fordian gneisses by about 0,09 g/cm^ (Bott et a l , 1972), and have an 

average magnetisation about ten times that of the Laxfordian (Powell 

1 970), The different complexes are therefore d i s t i n c t i v e both grav-

i t a t i o n a l l y and magnetically (Bott et a l . 1 972, Powell 1970, West-

brook, i n p r e s s ) . 

Unconformably overlying the Lewisian i s the r e l a t i v e l y un-

deformed and unmetamorphosed Torridonian Sandstone (Johnson 1 965) 

which covers large areas along the west coast of Scotland, I t was 

probably deposited contemporaneously with the sands and shales which 

have since been metamorphosed and folded to form the Moine schists 

(Johnson 1965). The boundary between the Moinian and Torridonian 

rock groups now l i e s at the Moine thrust but the Moinian along the 

thrust(3 may have been transported from some distance to the east 

(Watson 1963), A succession of conglomerates and sandstones near 

Stomoway i n the north of the Outer Hebrides may represent the western 

l i m i t of the Torridonian outcrops but the succession may alternatively 

be of New Red Sandstone age (Stevens I 9 I 4 , Steel 1971) . 
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F i g u r e 2. The R o c k a l l Trough and surrounding regions. 
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Figure 3. The geology of northwest Scotland. 

W. t North Bona. S : The Skerries. F : Flannan Isloftt^ 
BB : Blackstone Bank. OHB : Outer Hebrides Basin. 
SHB : Sea of the Hebrides Basin. SHI : South Harris • 
JCgzieoiia Complex. 
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The Dalradian.i succession s t r a t i g r a p h i c a l l y and str u c t u r a l l y 

overlies the Moinian to the southeast of the Great Glen f a u l t but 

i t i s not found on the mainland north of t h i s l i n e . On the 

Shetlands, the basement i s made of metasediments and metamorphosed 

igneous rocks which may be Dalradian i n age (Miller and F l i n n 1966). 

The polyphase metamorphic history of the rocks, which included ex­

tensive thrusting (Johnson I965) , indicates that they are part of the 

Caledonian orogenic b e l t . 

Unmetamorphosed Lower Palaeozoic rocks of Cambrian and Ordo-

v i c i a n age occur west of the Moine thrust zone i n northwest Scotland 

(Walton 1965). A lower arenaceovis sequence followed by a carbonate 

suite unconformably overlies the Torridonian and Lewisian rocks. 

A major area of deposition of Old Red Sandstone covered much 

of the Caithness, Oricney and Shetland region i n Middle and Upper Old 

Red Sandstone times (Waterson 1 965, M i l l e r & F l i n n I966, F i g . 3 ) . The 

Old Red Sandstone succession i n Caithness i s up to(^6,000^^^S thick 

and unconformably overlies a Preoambrian landscape of h i ^ r e l i e f . 

Scattered o u t l i e r s of Permian and Mesozoic sediments, which 

have been preserved by downfauLting and protection by Tertiary lavas, 

indicate that sediments of t h i s age were deposited over much of the 

region (Craig 1965* Hallam I 9 6 5 ) . A lack of T e r t i a r y sediments, 

apart from minor l i g n i t e occurrences between the lava flows, suggests 

that the area was uplifted during much of the Tertiary. 

1 .2 ,2 , The continental shelfo 

The Lewisian basement probably extends over much of the contin­

ental s h e l f to the west of Scotland, Fault-bounded sedimenteuy 

basins between 2 and 5 km deep with north-northwest to south-southwest 

trends overlie the basement beneath the Sea of the Hebrides 

(McQuillin and Binns 1973), to the west of the Shetlands (Watts 1971), 
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and possibly to the west and southwest of the Outer Hebrides (Eden, 

Wright and Bullerwell 1971, McQuillin and Binns 1973) ( F i g . 3 ) . 

They are probably between 2.5 and 5 km deep and contain Mesozoic 

and perhaps Torridonian sediments (Watts 1971, McQuillin and Binns 

1973, Browitt 1972). The basins are flanked by basement ridges 

which are exposed on the Outer Hebrides, North Rona (Nisbet 1961) and 

the Skerries (Geological Survey 1957). The basement ridges can be 

traced over the continental shelf by geophysical methods (Watts 1971, 

Plinn 1969). 

Sediments, which may be up to 2.5 km thick, l i e to the west of 

the break i n slope of the continental margin (Stride et a l , I969; 

Watts 1971, P i g , 3 ) . These probably include sediments which are 

T e r t i a r y i n age. 

Between the Orkneys and the Shetlands, Old Red Sandstone i s 

present on the sh e l f (Watts 1971). The Old Red Sandstone basin i s 

continuous frcM Caithness to the Shetlands. 

1 .2 .3 . The Thulean i ^ o u s provincen 

The Thulean igneous province developed i n Lower Tertiary times 

and extended from Northern Ireland and Lundy Island to the Faeroes 

and Greenland (Richey et a l . I 9 6 I , Stewart I965) . The extensive 

outpouring of lava flows, c h i e f l y b a s a l t i c , was followed by the dev­

elopment of basic and ultrabasic intrusive centres. B a s a l t i c dykes, 

associated with the central con^jlexes, were intruded during a f i n a l 

stage of a c t i v i t y . 

The province i s well represented i n northwest Scotland where 

intrusive centres have been described i n Skye, Rhum, Mull, Ardna-

murchan and other places (Fig, 3 ) . A thickness of 2,000 m of lava i s 
2 

s t i l l present i n Mull and about 25OOO km of the land surface are 

covered by l a v a i n northwest Scotland. Intrusive centres have also 

been described on the continental shelf. Blackstone,^Bank, to the 
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southwest of Tiree (Pig . 3 ) has been shown to be a centre by geo­

physical methods (McQuillin et a l , 1973) whilst geological inves­

tigations on St. K i l d a and the adjacent islands (Cockburn 1935) have 

shown the presence of another centre near to the continental margin. 

1 ,2 ,4 . The Faeroe Islands to Rockall Bank, 

The continental margin of north-west B r i t a i n i s approximately 

p a r a l l e l e d to the north-west by a series of banks and r i s e s ( F i g . 2 ) . 

The Faeroe Eise l i e s to the north-east whilst the Eockall Plateau, 

which i s ccsnposed of two elongated adjacent banks, Rockall Bank and 

Hatton Bank, l i e s to the south-west. The area between these i s 

occupied by several smaller banks. These are Faeroe Bank, B i l l Bailey's 

Bank, Lousy Bank and George B l i ^ Bank, 

The Faeroe Rise i s a shallow plateau area ly i n g midway between 

Iceland and Scotland (Fig, 2 ) . Most of the area i s at a depth of l e s s 

than | 200 m and i t s emergent parts form the Faeroe Islands. 

These have a northwest to southeast topographic grain and are composed 

almost e n t i r e l y of plateau b a s a l t i c lavas vriaich can be divided into 

three Series (Rasmussen and Noe-I^ygaard 1970). The Lower Series i s 

about 900 m thick and was formed by forty to f i f t y intermittent 

f i s s u r e eruptions of lava. This eruptive phase was followed by a 

long quiescent period when a coal-bearing shale sequence up to 15 m 

thick was l a i d down. Then a further strongly eruptive phase producing 

a tuff-agglomerate zone proceeded a period of l a v a extrusion from 

smaller northwest to southeast trending vents. This produced the 

Middle Series of 3avas which has a thickness of about 1350 m. The 

Upper basalt Series was extruded, a f t e r a break i n vulcanism, i n a 

s i m i l a r manner to the Lower Se r i e s . I t has a thickness of about 

675 m. The coal bearing shales are probably of Eocene age (Laufield 

1965). Radiometric dating of the lavas (Tarling and &ale 1968) 

shows that a l l three Series are probably between 50 and 60 m year 
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old but the r e l a t i v e agea of the individual flows could not be 

determined. Measurements of the remanent magnetisations of the 

lavas (Tarling and Gale 1968) have shown that the Upper and Middle 

Series are reversely magnetised with respect to the present Earth's 

f i e l d whereas the Lower Series shows two normal zones separated by a 

reversed zone of magnetisation. 

Evidence on the deep structure of the Faeroes i s provided by 

seismic and gravity surveys (Saxov and Abrahamsen I966, Palmason 

"1965). Seismic refraction surveys show upper layers with P-wave 

v e l o c i t i e s of 3 .9 and lu9 (Palmason I965) which have been 

correlated with the Upper Seides and the Middle and Lower Series 

respectively, Palmason found a l a y e r with a velocity of 6,4 kn/s 

beneath the upper lajrers but deeper layers have not been detected. 

This l a y e r could represent either oceanic or continental crust, A 

gravity p r o f i l e from the Shetlands to the Paeroe Islands (Bott and 

Watts 1971) indicates that, although the crustal thickness beneath 

the Fa'aroe-Shetland channel i s unknown, the thickness beneath the 

Faeroes i s probably s i m i l a r to that beneath the continental shelf 

adjacent to the Shetlands, The change i n Bouguer anomaly between 

the Faeroe Islands and the Iceland-Faeroe ridge indicates that there 

i s a l a t e r a l change i n c r u s t a l density between the two, possibly 

caused by the Faeroes being underlain by a continental crust (Bott 

et a l , 1971). A small bathymetric r i s e marks the possible continental 

margin, A f i t of the North At l a n t i c continental margins which 

improves on that suggested by Bullard et a l , (I965) also indicates 

that the Faeixje Plateau may have once been part of the North Atlantic 

continent (Bott and Watts 1971). The area between the Faeroe 

Islands and Rockall Plateau includes several shallow banks. G-eorge 

Bligh Bank r i s e s to a depth of about ĝOO. mi and closes the 

northeast side of the Hatton-Rockall basin (Pig. 2 ) . Gravity and 
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magnetic l i n e s crossing the Bank (Roberts 1 971) indicate that, 

altho\igh strongly magnetic lavas are probably present on the Bank, 

there i s no evidence f o r a major intrusive c e n t i ^ . Lousy Bank, 

which r i s e s to a depth of about 400 m: , has been mapped bath-

ymetrically but no other detailed investigations have been carried 

out on i t , A dredge haul on the bank recovered small pebbles which 

included quartzite, amphibolite, gneiss and basalt (Carruthers et a l . 

1923) hut the provenance of the pebbles w^ not firmly established. 

Basalt has been dredged from B i l l Bailey's Bank (Dangeeird I928) 

which l i e s between Lousy Bank and Paeroe Bank (Fig.2) and r i s e s 

to a depth of about 2OO'm [^y. North-south magnetic anomaly 

lineations over the Bank (Avery et a l . I968) may be related to the 

trend of the vents from which lavas have been extruded as they are on 

the Paeroe Islands and may be on Paeroe Bank (Dobinson 1970). Fsieroe 

Bank l i e s 100 km southwest of the Faeroe Islands and i s separated 

from the Faeroe Plateau by the Paeroe Bank channel. The bank i s 

probably covered by basic igneous rock which was extruded from north 

to northwest trending fifisures i n either a continental or oceanic 

crust (Dobinson 1970). The present elevation of the Bank suggests 

that a continental crust i s more probablp beneath the Bank since an 

oceanic i s l a n d would have subsided to a greater depth since Tertiary 

times (Dobinson 1970). 

I n order to improve t h e i r f i t of the prer-North Atlantic 

continent, Bullard et a l . (I965) suggested that Rockall Plateau 

may be a continental fragment. The i s l e t of Rockall, being the 

only p r o ^ s i o n above sea l e v e l of Rockall Bank, i s of Lower Eocene 

age ( M i l l e r and Mohr 1965) and i s probably part of a Tertiary i n ­

t r u s i v e centre similar to those on the Scottish continental shelf 

(Roberts I969), Samples of the coarse aegerine-granite, Rockallite, 

contain an excess of radiogenic strontium and of unradiogenic lead 
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indicating that, a l t h o u ^ the complex i s of Tertiary age, there 

i s probably ancient crust beneath which contaminated the igneous 

material as i t rose t h r o u ^ the crust (Moorbath and Welke 1969). 

Lead isotope measurements can be approximately correlated with 

those from the Skye lavas. The Skye lavas are considered to have 

r i s e n through ancient Lewisian crust with an approximate age of 

3100 m year therefore a sim i l a r history i s l i k e l y for the Rockall 

material. The approximate depth to the Moho beneath the Baiik i s 

31 km (Scrutton 1970) and although the c r u s t a l v e l o c i t i e s are high 

f o r standard continental crust the thickness i s c l e a r l y that of a 

continental region. The magnetic anomalies on Rockall indicate 

that, north of 56°25' N, basic igneous rocks cover the Bank whereas, 

to the south, there i s a major change i n the geology and a possible 

absence of basic igneous rocks (Roberts and Jones, i n preparation). 

Dredge hauls have produced t y p i c a l Tertiary igneous rocks from the 

north of the Bank (Cole 1897). Dredge hauls from the south of the 

Bank (Roberts et a l . 1972) have recovered a poorly-sorted conglomer­

ate containing a granulite with a similar mineral assemblage to that 

of the Lewisian found i n the Outer Hebrides and i n East Greenland. 

The provenance of the pebbles i s probably nearby therefore Rockall 

may consist, at l e a s t i n part, of Lewisian-type material, A sed­

imentary basin between Rockall Bank and the s l i g h t l y lower Hatton 

Bank to the west (Pig . 1 , Roberts et a l , 1970) contains sediments at 

l e a s t as old as PeiLaeocene (D.S.D.P., S c i e n t i f i c Staff, 1970). Three 

periods of sinking of the basin, approximately correlating with 

changes i n sea f l o o r spreading directions on the Reykjanes Ridge, 

have been recognised from d r i l l i n g results (D.S.D.P. S c i e n t i f i c 

Staff 1970). They are PaJaeocene (55 m year B.P.)., late Eocene 

(39 m year B.P.) and Miocene (10 - 15 m year B.P.), 
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1.2.5. The sediments and c r u s t a l structure of the basinsr 

Owing to the proximity of source areas and the r e l a t i v e l y 

constricted baiins, the sediments i n the Rockall Trough and the 

nearby basins are i n general thick. They contain several r e f l e c ­

t i n g horizons vriiich are used to correlate and date events. 

I n the Hatton-Rockall Basin, f i v e reflectors are present i n 

about two kilometres of sediment (Roberts et a l . 1970). Reflector 

4 i s a highly fractxired, cherty limestone of Eocene age whilst 

Reflector 5 may be a Palaeocene basalt layer (Scrutton 1971). Five 

r e f l e c t o r s are also found i n the Rockall Trough (Scrutton and 

Roberts 197'l)' upper two re f l e c t o r s are not continuous across 

the Trough and the bottom r e f l e c t o r i s very bumpy and intermittent. 

Reflector 3 has been correlated with one of the reflectors i n the 

Hatton-Rockall Basin (D.ff. Rtob,erts - personal communication) and i s 

the same as r e f l e c t o r 'R' of Jones et a l . (1970) which they have 

found i n many parts of the Rockall T r o u ^ , Reflector 'R' has been 

traced into the main North Atlantic basin and found to wedge out at 

a Lower-Middle Oligocene magnetic anomaly as dated by He i r t z l e r et a l , 

(1968)^(E.J.W. Jones - personal communication). Two d i s t i n c t 

periods of sedimentation occurred i n the north-east Atlantic (Jones 

et a l . 1970). The change between the two i s demonstrated by the 

difference between f l a t l y i n g beds, which are previous to and include 

r e f l e c t o r 'R', and current deposited ridges iriiich developed after 

r e f l e c t o r 'R'. The e a r l i e r beds were l a i d down by turbidily currents 

at a time when bottom water flow was r e l a t i v e l y quiet whereas, when 

the Norwegian Sea opened, the cold dense water from the A r c t i c flowed 

south as bottom currents and disturbed the sedimentation pattern. 

The factors affecting the pattern of flow ar$ discussed l a t e r . 
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A t o t a l sediment thickness of 3 to 5 km i s present i n most 

parts of the Rockall Trough (Pig . 4 , E?id.ng and Ewing 1^9, H i l l 

1952, Scrutton 1971). Two sediment layers with d i s t i n c t l y d i f f e r ­

ent v e l o c i t i e s are present. The lower layer, which Ewing and Ewing 

divided into two on t h e i r l i n e E 10, has a P-wave velocity of between 

2.0 and 3.3 kn/s and probably consists of semi-consolidated sediments. 

The upper layer i s usually l e s s than 1 km thick and has a velocity of 

1.7 to 2.0 kn/s. The boundary between the two sedimentary layers 

approximately correlates with r e f l e c t o r 'R' which i s presumably an 

important l i t h o l o g i c a l boundary (Jones et a l . 1970, Pig . 4 ) . 

The crust of the Rockall Trough d i r e c t l y beneath the sediments 

has a P-wave v e l o c i t y between 4.94 and 6.96 kn/s. Gravity evidence 

suggests that the depth to the Moho i s about 12 km (Scrutton I971) 

but no seismic r e f r a c t i o n experiments have s a t i s f a c t o r i l y determined 

the depth. The crust may therefore be oceanic i n nature which i s i n 

agreement with the or i g i n a l theory of Bullard et a l . (1965) that 

Rockall Trough has formed as part of an early stage of opening of 

the North A t l a n t i c . 

The Moho depth i n the Hatton-Rockall basin i s about 22 km 

beneath what i s prebably a continental crust ($crutton1971). The 

r e l a t i v e l y t h i n crust may indicate that the area i s s i m i l a r to a 

continent-ocean t r a n s i t i o n zone or to a subsiding continental 

margin. I n the Faeroe-Shetland channel, a si m i l a r situation may 

exi s t although no re f r a c t i o n resiiLts have yet been described which 

determine either the sediment or c r u s t a l thicknesses. On the basis 

of gravity data, Bott and Watts (1971) suggested that there may be 

cr u s t a l thinning of about 5 km beneath the channel. Since the 

sediment thickness i n the channel was unknown the model was ambiguous. 
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1 ,2 .6 . Rosemary Bank and the Anton Dohm Kuppee 

These banks r i s e from r e l a t i v e l y deep water i n the northern 

part of the Rockall Trough ( P i g , 2 ) . 

Rosemary Bank contains a high density igneous plug and i s 

therefore probably an extinct volcano (Scrutton 1971). A l k a l i 

basalts dredged from" the Bank are aty p i c a l of the Tertiary volcanic 

province therefore the Bank may have a pre-Tertiary origin perhaps 

connected with the opening of the Rockall Trough. 

The Anton Dohm Kuppe or Seamount has only been studied i n 

d e t a i l bathymetrically ( D i e t r i c h and U l r i c h 196I ) . I t has steeper 

sides than the r e l a t i v e l y smooth Rosemary Bank which probably indic­

ates a lack of sediments draping the sides. An aeromagnetic profile 

over the Seamount (Roberts 1971) shows large amplitude, short wave­

length anomalies s i m i l a r to those over Rosemary Bank. The Anton 

Dohm Kuppe i s therefore probably an igneous centre similar to 

Rosemary Bank. 

1 .2 .7 . The Wyyille-Thomson Risep 

The Wyville-Thomson Rise completes the G-reenland-Iceland-

Scotland ridge system ( P i g . 1 ) and so has a considerable influence 

on the ocean current system and sediment distribution. The Rise 

extends from Paeroe Bank towards the southeast to jo i n the contin­

ental s h e l f off the northwest t i p of Scotland. The maximum depth of 

water along the cr e s t of the Rise i s about 400 fathoms. Rasmussen 

and Noe-Nygaard (I970) remarked on the parallelism of the Rise and 

the Faeroese f j o r d system and suggested that they may have connected 

origins. 

1 ,3 , Current trends and t h e i r sedimentary.effects i n the northeast 
Atlantic/> 

Deep sea currents can have a strong influence on the type of 

sedimentation taking place on the ocean f l o o r ^ (Heezen and H o l l i s t e r 

1964). I n the northeast At l a n t i c the bottom currents are dominated 



F i g u r e 5. Seawater flow i n the ^QVth A t l a n t i c 

( t a k e n from Jones et a l . 1970) 
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by the flow of cold Norwegian Sea water from the north and the 
flow of Labrador Sea water from the west (Jones et a l , I970), 
The currents are controlled by basement r i s e s but are also i n ­
fluenced by Cor i o l i s force vdiich, i n the northern hemisphere, 
tends to deflect the flow i n a clockwise direction. I n the Rockall 
Trough, a northward flow of Mediterranean water may also be of seme 
importance. The bottom waters of the Rockall Trough are p r i n c i p a l l y 
interfingering layers of Norwegian and Labrador Sea Water (Lee and 
E l l e t 1965). The formation of the Peni Ridge (Fig . 1 ) a f t e r Lower 
Oligocene times i s caused by deposition of the sediment from the 
bottom waters along an interface between flows of the two types of 
water (Jones et a l , 1970);,Ellet and Roberts 1973). The Labrador Sea 
water passes into the East A t l a n t i c i n the v i c i n i t y of the 53*̂ N 
fracture zone (Pig,5) and so presumably enters the Trough from the 
south. A pri n c i p a l source of the Norwegian Sea water into the 
A t l a n t i c i s through the Denmark S t r a i t (Pig . 5 ) between G-reenland and 
Iceland but t h i s flow does probably not cross into the northeast 
A t l a n t i c . The other prin c i p a l source involves water flowing through 
the Paeroe-Shetland channel and then either, turning to the west and 
flowing at high v e l o c i t y through the Paeroe Bank channel, which 
provides a r e l a t i v e l y deep passageway, or, overflowing the Wyville-
Thomson Rise and flowing straight down the Rockall Trough (Fig . 5 , 
E l l e t and Roberts 197^), 

1.4, Problems for Investigation 

The nature of the Rockall Trough has been investigated by 

various workers but there i s s t i l l some doubt as to i t s origin. The 

crust beneath the sediment must be either oceanic i n nature or composed 

of some fonn of continental crust. The l a t t e r case implies that, at 

some time, the continental crust has subsided to form a graben-like 
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structure. Indications of t h i s type of situation may be d i f f i c u l t 

to recognise since i t s existence has not been conclusively shown 

elsewhere. I f the crust i s oceanic, i t i s necessary to look for 

not only the features t y p i c a l of oceanic crust but also indications 

as to when and from what spreading axis or axes i t was farmed. 

I t has been shown that the Rockall Plateau i s continental i n 

nature but l i t t l e evidence has been presented to indicate whether the 

Banks further north are s i m i l a r to the Plateau or whether they are 

volcanic seamounts s i m i l a r to Rosemary Bank. Both solutions have been 

suggested. Gravity and magnetic traverses over the Banks should previde 

valuable evidence to solve t h i s problem. 

The Wyville-Thomson Rise and i t s relationship to the surrounding 

regions have previously had relatively l i t t l e investigation. Although the 

bathymetry of the Rise and i t s effect on the deep sea currents have been 

studied, the underlying structure of the basement has not been described. 

Coupled with these problems are the ages and the nature of the sediments 

i n the whole region. I t i s unlikely that the age of many features can 

be found without tracing dated sedimentary reflectors. Recent work by 

Jones has also shown that investigations into the sediments can indicate 

the existence of past and present sea-water currents. 

L i t t l e work on the continental s h e l f west of the Hebrides has 

been described although a sedimentaiy basin has been postulated. This 

basin requires some investigation as does the extent of the T e r t i a r y 

Igneous Province. 
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CHAPTER 2 

DATA COLLECTION AND REDUCTION 

2 . 1 . The cr u i s e s r 

The data presented i n t h i s thesis was collected during two 

cruises organised by the Department of Geological Sciences, 

University of Durham. The f i r s t cruise was on board R.R.S. John 

Murray i n the summer of 1 970 and was of s i x weeks' duration. A 

reconnaissance gravity, magnetic and pro f i l i n g survey of the northem 

Rockall Trough, the outer Banks, the southern Paeroe-Shetland channel 

and the Hebridean sh e l f and margin was the major object of the cruise. 

The l i n e s c a r r i e d out are shown on Fi g . 6. The 1970 l i n e s are 

suffixed ' 70 ' . One week of the cruise was devoted to seismic 

r e f r a c t i o n work on the Shetland s h e l f which has been described 

by Browitt (1971)• Gravity and magnetic data was collected during 

t h i s part of the cruise but i t was necessary to shut down the equip­

ment during the shooting of the charges thereby making the data 

spasmodic and, i n the case of the gravity, unreliable. Three days 

of work were l o s t a f t e r Line 2/970 for repairs to the ship's steering 

gear. These were carr i e d out at Port Glasgow. During Line 2/970 

trouble was experienced with the gravimeter s t a b i l i s e d platform which 

consistently became o f f - l e v e l . Minor repairs were carried out at 

Port Glasgow but further trouble was experienced whilst on passage 

to the s t a r t of Line 3/970. The ship therefore put into Stbmoway 

and the f a u l t was traced to the output stages of a servo-amplifier. 

This was repaired. The remainder of the cruise was successful 

apart from several breakdowns i n the air-gun system. Bad weather 

was experienced during the l a s t few days. 
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Figure 6. Track chart f o r the c r u i s e s i n 1970 and 1971» 

S i n g l e f i g u r e s r e f e r to wide-angle r e f l e c t i o n s t a t i o n s . 



15. 

The second cruise took place i n the summer of I97I on board 
M.V. Researcher. The cruise was of a fortnight's duration of which 
the f i r s t few days were spent investigating the area between Shet­
land and F a i r I s l e . This data i s not considered here. The remainder 
of the cruise was devoted to a survey of the Wyville-Thomson Rise. 
The l i n e s are shown on Fig.6 suffixed ' 71 ' . Gravity, magnetic, 
bathymetric and seismic p r o f i l i n g work, was carried out. Short 
interruptions were experienced owing to equipment breakdowns. The 
f a i l u r e of a gyroscope on the gravimeter platform necessitated 
putting into Lerwick to carry out repairs and the f a i l u r e of drive 
b e l t s on the air-gun compressor necessitated a c a l l at Stornoway. 
Two days work were also l o s t due to storm force weather conditions 
during the l a t t e r stages of the cruise. 
2 .2 . Navigation/; 
2 . 2 . 1 . Navigation systemsn 

The navigation on both cruises r e l i e d on the Decca system, 

using a Mark 12 receiver working on the North Scottish chain, and 

on the Loran 'C system. The former system worked well at a l l 

times but some of the Lines l a y outside the area within which the 

system provides reasonable accxiracy. The Loran 'C system should 

have provided a high degree of accviracy on a l l the l i n e s but on 

neither cruise did the receiving instrument work s a t i s f a c t o r i l y . 

Although the instrument could often be tuned i n to and aligned 

with two slave stations, the tracking f a c i l i t y did not appear to 

fxinction therefore the readings soon became erroneous. 

The Decca system was therefore used over the entire area. 

Errors i n t h i s system can be divided into fixed and variable errors. 

Distortions i n the position-line patteriis,'mainly due to the radio 

signals passing over ground of low e l e c t r i c a l conductivity, cause 

the fixed errors. The distortions may be considerable, p a r t i c u l a r l y 

i n coastal regions, and errors i n position of up to 2 km are possible. 
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Variable errors are caused by an unwanted skywave from a Decca 

sta t i o n interfering with the wanted ground wave. The variable 

errors are usually l e s s than 600 m during the day but at night 

they may be two or three times as great, p a r t i c u l a r l y i n areas 

where the position-lines cross at low angles. An individual 

f i x near the edge of the region could therefore have a fixed error 

of 2 km and a variable error of about 2 km. Since many fixes are 

used to define a course the variable errors should be reduced 

s l i g h t l y . The maximum error i n the position of a course i s un­

l i k e l y to be greater than about 4 km. 

2 . 2 . 2 . Calculation of courses and v e l o c i t i e s ^ 

Since many of the l i n e s c a r r i e d out were over 100 km long, 

a simple reduction of the navigation data, assuming straight l i n e 

courses, was inadequate because of the effect of tides and winds 

producing s l i g h t d r i f t s i n the intended straight courses. The 

errors of position and heading could i n places be quite signif i c a n t . 

A ccsnputer program c a l l e d ANAV (Appendix A) was written which allowed 

for gently curving courses. 

The Decca data was i n i t i a l l y converted into latitudes and 

longitudes using an i t e r a t i v e program supplied by the National I n s t ­

i t u t e of Oceanography and modified for use on the NUMAC IBM 360/67 

computer. The program ANAV then determined positions, headings, and 

speeds a t ten minute i n t e r v a l s along the calculated courses. The 

program f i r s t reads i n the latitudes and longitudes and checks 

through them looking for large course changes and fixe s which are 

obviously erroneous. The change i n heading required to be taken as 

a course change must be sustained over four fixes and the actual 

angle, through which the heading must change to constitute a course 

change, can be varied depending on the scatter of the f i x e s . 
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Each course i s then pipocessed individually. Starting at one 

end of a course, twelve points are taken and a quadratic l i n e i s 

f i t t e d through them. I t i s necessary to rotate the co-ordinates 

u n t i l the course l i e s at about 45 degrees to f a c i l i t a t e t h i s f i t t i n g . 

The middle four points are then drepped perpendicularly on to the 

l i n e and the resulting four positions are determined. The process 

i s then ad'ganced foxnr points and four further positions are determined. 

The four positions at the end of a course are determined using a curve 

f i t t e d through the end twelve points. 

There i s s t i l l l i k e l y to be errer i n the position ef points 

along the l i n e of the course. These errors are reduced by smoothing 

the ship's v e l o c i t y over f i v e f i x e s . The courses, v e l o c i t i e s and 

headings are thus calculated. E6tv'6s corrections, for application 

to the gravity readings, are also calculated from the v e l o c i t i e s , 

headings and l a t i t u d e s . I n s t a b i l i t y i n the v e l o c i t i e s may occvu: at 

the ends of courses and on short courses because of smoothing d i f f i c u l ­

t i e s . I t has been found advisable to check the v e l o c i t i e s calculated 

to ensure that they are reasonable i n case unexpected stoppages or 

short course divergences have been carried out by the ship. The 

results were generally acceptable except i n some instances where the 

i n i t i a l Decca positions were tco^scattered for the i n i t i a l smoothing 

carri e d out i n the pregram to follow the course. 

2 ,3 . Bathymetry 

2 , 3 . 1 , The instruments 

On the 1 970 cruise a Kelvin Hughes MS 38 depth recorder was 

used which recorded on a wet-paper recorder. Since transducers 

attached to the ship's h u l l were being used, there were no problems 

with operating speeds. 
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An Ocean Research Equipment precision depth recorder was 
used i n 197''. This recorded on a & i f f t wet-paper recorder. A 
transducer f i s h was towed over the side which l i m i t e d the safe 
operating speed of the ship to about 7 knots. Although t h i s speed 
was satisfactory on the survey l i n e s , the f i s h had to be brought 
inboard when the ship was proceeding to port at maximum speed. 
2.3.2. Reduction of data,, 

Readings at ten minute intervals were transferred from the 

records to computer punched cards. Corrections f o r the variation 

of the velocity of sound i n water due to variations i n s a l i n i t y , 

temperature and pressure were applied i n accordance with Matthews' 

published tables (Matthews 1939). 

2.4. Gravity> 

2.4.1. Instrvunents and recording methods:, 

A ttraf-Askania G-SS2,11 sea gravity meter, on loan from 

Cambridge Department of Geodesy and Geophysics, mounted on an 

e l e c t r i c a l l y erecting gyrostabilised platform manufactured by the 

Anshtttz Company, K i e l was used on the 1970 cruise. An Enograph 

chart recorder was used to record the movements of the damped beam. 

The s t a b i l i s e d platform developed f a u l t s as described e a r l i e r but 

these were overcome. The recorder also required two new rheostats 

but worked well apart from t h i s . A cross-coupling computer linked 

to the gravity meter was also i n s t a l l e d but t h i s did not operate 

s a t i s f a c t o r i l y . 

I n 1971 N0.S4O La Coste and Romberg Shipboard Gravity Meter 

on loan from the Natiiral Environmental Research Council was used. 

This systan includes a gyrostabilised platform and a cross-coupling 

computer. A simple analog computer i s used to compute the cross-

coupling correction from the beam position and the horizontal 

acceleration along the beam. The gravimeter beam i s kept approximately 

horizontal by varying the spring tension using a slow servo-system. 
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Deviations of the beam from the horizontal are talcen i n t o accoxint 

by calculating the d i f f e r e n t i a l of the displacement of the beam, 

A second analog computer computes th i s d i f f e r e n t i a l , f i l t e r s the 

spring tension, f i l t e r s the cross-coupling, sums the three and 

thereby calculates a value f o r the gravity. This i s displayed 

d i r e c t l y on a chart recorder with the beam deflections, the spring 

tension and the cross-coupling. The value of the beam displacement 

i s not used d i r e c t l y to calculate the gravity. There should be v i r ­

t u a l l y no d r i f t experienced with the meter over periods of weeks. 

This was substantiated when comparisons of the readings with those 

at the base stations were made. Even a f t e r a gyro f a i l u r e , causing 

the meter t o undergo vio l e n t oscillations, the d r i f t was less than 

one m i l l i g a l over the fortnight's cruise. 

The base stations occupied on the two cruises were a l l set 

up by the I n s t i t u t e of G-eological Sciences. The reference station 

used f o r the bases was Pendulum House, Cambridge Observatory which 

i s a fundamental base station. The value of gravity at Pendulum 

House based on the Potsdam system was measured by Bullard and J o l l y 

(1936) t o be 981265.0 mgal but Cook (1955) obtained a more accurate 

value of 981268.5 + 0.3 mgal. This value has been used f o r the 

present survey. 

TABLE 1c 
&RA.VITY BASE STATIONS-

G-ravity base s t a t i o n values are re l a t i v e to the fundamental 

st a t i o n at Pendulum House, Cambridge Observatory, (g =981268,5 mgal), 

OBAN 981642,9 mgal 
STORNDWAY 981830.3 mgal 
LERWICK 981963.4 mgal 
BARRY 981204.8 mgal. 
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A gravity value was obtained at the quay adjacent to the ship 

by observing gravity differences from the base station with a 

Worden 'Master' gravimeter. This value was then reduced t o sea 

leve l and used i n the computation of the gravity data. 

2 . 4 . 2 . , Reduction of G-ravity 

The methods of data reduction used f o r the two years were 

basi c a l l y the same apart from the i n i t i a l operations. 

The 1970 paper chart recordings were d i g i t i s e d using a 

D-Mac Pen Follower (See Appendix B ) . On the 1971 cruise, the 

values of gravity were tabulated at ten minute inter v a l s . The 

values of gravity were punched onto computer cards with t h e i r res­

pective times. The delay i n display of the readings due to f i l t e r i n g 

i n the gravity meter was allowed f o r at t h i s stage. 

A revised version of a program called MffRED, written by 

Watts (1970), was .used to calculate the gravity readings at the 

positions calculated by ANAV, The input t o the program consisted 

of the l a t i t u d e s , longitudes and Eotvos.corrections from ANAV, the 

gra v i t y information on punched cards, the base station values and 

the bathymetry values from punched cards. The program M&RED was 

used i n a s l i g h t l y d i f f e r e n t foim f o r the two sets of data to allow 

f o r the d i f f e r i n g forms of the gravity data and the redundancy of 

any d r i f t correction i n the case of the 1971 data. The d r i f t rates 

f o r the 1970 cruise are shown i n Table 2 . 
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TABLE 2.0 

DRIFT RATES OF THE GRAF-ASKANIA SEA GRAVIMETER 
ON THE 1970 CRUISE. 

Place Day Time 
1 

D r i f t Rate. 

OBAN ""Is 1550 

STORNOWAY 170 1110 
0.553 mgal/day 

STORNDWAY 174 1.500 

LERWICK 181 0700 
-2,803 mgal/day 

LERWICK 183 1420 

BARRY 191 1134 
0.151 mgal/day 

(The large d r i f t rate between Stomoway and Lerwick was probably 

due t o the gravimeter being clamped f o r many short periods during 

the shooting of the seismic r e f r a c t i o n charges). 

2 .4 .3 Errors i a the gravity.. 

Errors i n the gravity are caused by instrumental errors, 

errors i n the reduction and navigational errors. O f f - l e v e l l i n g 

of the gravimeter and cross-coupling cause the instrumental errors, 

whilst the application of Eotvos corrections i s the main source of 

error i n the reduction. 

2.4.3.1. O f f - l e v e l l i n g . 

O f f - l e v e l l i n g of the gravimeter causes errorsin the readings. 

I n 1 970 the Graf-Askania gravimeter frequently became o f f - l e v e l due 

to malfunctioning of the stabilised platform p a r t i c u l a r l y during 
steady 

the i n i t i a l stages of the cruise. The/off-levelling never exceeded 

10 divisions on the s p i r i t l e v e l connected to the table and ca l i b ­

rations have shown that t h i s represents a possible error of about 

2 mgal (Watts 1970). This i s small compared to other corrections and 
was therefore ignored.y The LaCoste gravimeter system used i n 1971 
' llhe^tf-^evplllo^^rroT 'due^jto. fluctuations I n the l e v e l of _the' table 
caused .bi7_the; ship»a ̂ t W ^ t o i i d a i s o ^ ^ l^Q^ ' 
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ensured that o f f - l e v e l l i n g of the gravimeter was negligible, Coi^ling. of 
off-levelliEig^ a Q : d _horizontal, accelerations produces' errors illess^ than 1i mgai 

2-4 .3 .2 . Cross-couplingo ((Las C^ate 1,967);.. 

Cross-coupling i s an inherent error i n the gravity readings 

caused by horizontal accelerations acting i n the direction of the 

gravimeter beam coupled with v e r t i c a l motions of the same period. 

Watts ( l970) , using a cross-coupling computer, showed that errors 

as large as _+ 22 mgal can occur i n heavy seas with the &raf-Askania 

meter mounted i n R.R. S. John Murray. This error depends largely 

on the sea state and the orientation of the ship with respect to 

the waves, The error was corrected, f o r on the 1970 cruise by 
with 1 9 7 t d a t a ~ 

applying cross-over corrections^where possible but corrections could 

not be applied f o r variations i n the error between the cross-mer 

points. The LaCoste gravimeter has a cross-coupling computer b u i l t 

i n t o i t and the correction i s automatically applied. Tests described 

by La Coste (I967) indicated that the accuracy of the meter was better 

than ̂  2 mgal, 

2 , 4 , 5 . 3 . Eotvb's correct ions ( 

The E3tv6s correction i s necessary to allow f o r the effect 

on the measured gravity of the gravimeter's motion over a curved 

r o t a t i n g earth. The effect causes an error of approximately 7.5 

cos / m i l l i g a l s per knot of east t o west speed (La Coste 1967)» 

where /6 i s the l a t i t u d e . This correction i s added to the observed 

gravity values f o r eastward v e l o c i t i e s . The correction i s zero i f 

the motion i s along a l i n e of longitude and a maximum i f i t i s 

along a l i n e of l a t i t u d e . The error i n east-west velocity i s 

unl i k e l y to exceed [ knot ,.• therefore the maximum error caused by the 

Eotvos effec t a f t e r the correction has been applied i s unlikely, to 

exceed 4 mgal' , Errors i m the sidp's-heading; alsio produce negligible 

errors^ i n the gravity. 
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2 ,4 .3•4 . The application of cross-over corrections 

A l l tile gravity data, including that available from previous 

cruises, was plotted on a map and the cross-over errors were deter­

mined. The 1971 data, which included cross-coupling corrections, 

had cross-over errors with other 1971 lines and with r e l i a b l e lines 

from previous years of no more than 4 mgal.. Small corrections were 

made t o eliminate these errors. 

The 1970 data had, i n many places, quite considerable cross­

over errors both with other 1970 l i n e s and with the other d a t ^ This 

was presumably caused by the lack of any cross-coupling correction and 

the rather large gravimeter d r i f t rates. On Lines 30/70 and 31/70, 

where very rough weather was experienced, the errors were large and 

the data was discarded. Corrections were applied to the other lines 

t o bring them int o agreement with the 1971 data. At cross-overs 

between two lines of 1970 data the correction to be applied to 

either.line was estimated by considering the weather conditions and 

the correction applied at other points on the cruise. The maximum 

correction applied at any point was 15 mgal which, considering the 

high d r i f t values measured and the rough weather, was not unreasonable. 

2 . 4 . 4 . Display of gravityr; 

The reduced gravity data was plotted both as profi l e s and on 

maps using the computer and an on-line 11 inch Calcomp p l o t t e r . A 

program called MAP was w r i t t e n using subroutines written by McKay 

(1970) which enabled maps of any scale to be plotted on a standard 

Mercator projection. Lines and gravity values were plotted at con­

venient scales and superimposed on maps of the coastline and bathymetry 

which were pl o t t e d using the same program. The gravity data was also 

plotted as p r o f i l e s adjacent to the equivalent reduced magnetic 

p r o f i l e s on a horizontal scale of distance. 
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2.5 , Magnetic f i e l d observationsr, 

2 ,5 .1. Instruments and recording methods<, 

Proton precession magnetometers, on loan from the Natural 

Environmental Research Council, were used on both cruises t o 

record variations i n the Earth's t o t a l magnetic f i e l d . A Varian 

model was used i n 1 970 and a Barringer model i n 1 97(1. Both recorded 

analogue traces on paper chart recorders and both worked with l i t t l e 

t rouble. The f i s h containing the sensor head was i n both cases 

towed between two and three ship's lengths-behind the vessel.Bullard 

and Mason (I 96I) estimated that the maximum error caused by the 

magnetic properties of the ship when the sensoi-Jiead i s towed two 

ship's lengths behind i s about ten gammas. This i s well inside 

the errors caused by the temporal variations i n (the earth's f i e l d 

described l a t e r . 

2 . 5 . 2 . Reduction of data.^ 

The analogue trace paper chart records were d i g i t i s e d at 

s u f f i c i e n t l y short intervals to record a l l the variations using a 

D-Mac Pen Follower. The method used was similar to that used f o r 

the g r a v i t y records. Times and magnetic f i e l d values were punched 

on cards by the computer. Variations i n the Earth's magnetic f i e l d 

measured along the p r o f i l e s are caused by several phenomena. Before 

i n t e r p r e t a t i o n of the underlying structure could be carried out i t 

was necesaary to attempt t o allow f o r regional and temporal mag­

netic variations. The temporal variations can be divided into 

secular v a r i a t i o n , diurnal v a r i a t i o n and magnetic storm effects. 

The secular variations occur over long periods of time (measured 

i n years) and would have no r e l a t i v e effect on the p r o f i l e s . Diurnal 

variations, which are caused by solar and lunar phenomena and are 

affected by atmospheric and loc a l geographic effects, can be large, 

p a r t i c u l a r l y i n regions of low l a t ^ i t u d e . The observatory at 
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Lerwick, Shetland generally registers peak to peak diurnal var­

iations of between 20 and 40 ganrnia. On many surveys, corrections 

f o r diurnal variations are applied. The3.eL.are generally calculated 

using stationary base stations. H i l l and Mason ( I962) have studied 

the correlation between land stations and stations on moored buoys 

i n varying depths of water over the continental margin. Although 

they found reasonably good correlation between the records during 

magnetic storm periods, correlation between the records at other 

times was not obvious. They suggested that there may be some phase 

shi f t e d correlation but i n s u f f i c i e n t data was available to confirm 

or quantify t h i s . The variations at sea appeared to be affected 

by the ocean tides and were i n general of a higher magnitude than 

those on the land. 

The records of magnetic measurements during the periods of 

the present cruises were obtained from the observatory at Lerwick 

and the periods of magnetic storms were noted. The magnetic meas­

urements taken during magnetic storm periods were discarded f o r 

purposes of inter p r e t a t i o n since the temporal variations could 

exceed 100 gamma over periods of less than one hour. 

The majority of the p r o f i l e s were more than 200 km from the 

observatory. Since the difference between the di\imal variation at 

the p r o f i l e and that at the observatory may be as great as the 

va r i a t i o n i t s e l f , there was no value i n attempting to apply diurnal 

v a r i a t i o n corrections t o the magnetic p r o f i l e s based on the Lerwick 

observatory. The error involved over a p r o f i l e 100 km long, which 

i s the greatest length used f o r modelling pxirposes, may be as great 

as liO gamma but a more probable maximum value i s about 20 gamma 

since a p r o f i l e i s unlikely t o extend over a period containing the 

maximum and minimum d a i l y values. The f i t t i n g of calculated to 

observed anomaly curves was rarel y carried out to an acciiracy greater 
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than t h i s since magnetisation values and directions were not 

accurately known. 

Regional gradients i n the Earth's magnetic f i e l d i n t h i s 

area may be as great as 2.5 gamma/km therefore some method must be 

employed to correct f o r these regional variations before i n t e r p r e t ­

a t i o n can be carried out. Two methods of calculating a regional 

f i e l d are i n general use (Bullard I967) . 

The f i r s t involves applying what appears to be the best reg­

ional f i e l d to an individual p r o f i l e . On short p r o f i l e s , where a 

p a r t i c u l a r body or structure i s being investigated, this method works 

wdl l since i t i s usually quite cleqr where the magnetic effect of the 

body i n question has become negligible. When long p r o f i l e s , which may 

cover many changes i n structure, are being considered the problem i s 

f a r more complex since i t i s often d i f f i c u l t t o recognise what part 

of an anomaly i s caused by a regional effect and what is caused by 

the structure under investigation. The ccmplexity i s further 

increased i n many of the present p r o f i l e s by the existence of highly 

magnetic basaltic lavas near the ends of the p r o f i l e s . 

7 The second method used involves taking a world-wide reference 

f i e l d as the regional f i e l d . I n I968 an International Geophysical 

Reference F i e l d was defined at Washington i n terms of a series of 

spherical harmonic coefficients up to the eighth order (Anon 1969), 

The secular v a r i a t i o n causes the coefficients to change with time. 

The meeting attempted t o forecast the f i e l d up to 1972, A computer 

program, supplied by the Department of G-eodesy and Geophysics, 

Cambridge, calculates the value of the I.G.R.F. F i e l d at any position 

on the Earth at any time from 1955 to 1972. I t has been shovm recently 

that the secular v a r i a t i o n has not occurred quite as expected and there 

may be a difference as great as 40 gamma between the calculated and 

the actual f i e l d . Although t h i s error i s important when considering 
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data collected over many years, the errors involved over a period 

of one year and a r e l a t i v e l y small area are negligible. 

The f i e l d calculated by the Cambridge computer program was 

therefore assumed to be a reasonable regional f i e l d f o r the present 

work. I n most cases the program was used as a subroutine at the 

beginnings of the various interpretation programs. 

2 .6 . Seismic r e f l e c t i o n p r o f i l i n g : 

Two systems were used on both cruises. A sparker system 

wit h a simple hydrophone array was used i n shallow water whereas i n 

deep water an airgun was used as the energy source with a large 

hydrophone array as the receiver. The sparker system produces 

higher frequency energy, which gives good resolution but low pene­

t r a t i o n , whereas the airguns produced a lower frequency thereby 

giving greater penetration but less resolution (Hoskins I965 ) , 

2 . 6 . 1 . The equipment• and the recording systems... 

An E.G. & G. sparker p r o f i l i n g system was used on both cruises. 

A diesel generator supplied the power to the capacitor banks which 

were normally set to store 2, 4 or 6 thousand joules of energy. The 

smaller capacitor banks were used i n the shallower water irfiere pen­

e t r a t i o n was of less importance than d e f i n i t i o n . Multiple reflections 

from the sea bottom obscure deep reflections i n shallow water. I n 

1970, a single pair of electrodes mounted on a sledge, which was 

towed behind the ship, was used f o r the discharge but, i n 1971» 

a brush electrode system was used. This was designed to produce 

a fa s t e r and therefore more powerful discharge by using numerous 

small wire electrodes which discharged onto a long copper rod. 

A simple sixteen element hydrophone array was used to receive 

the r e f l e c t i o n s . An E.G. & G. Type 254 recorder both triggered the 

system and recorded the signal on electro-chemical sensitive recording 

paper. Band-pass f i l t e r s f i l t e r e d out unwanted noise caused by the 

ship's engines and the passage of the array t h r o u ^ the water. The 
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frequency of the f i r i n g and the time over which the signal was 

recorded were varied to sui t the power of the generator, the 

depth of the water and the expected penetration of the sea bed. 

Penetration varied from n i l , where basement rocks were exposed 

on the sea-bed, to about half a second, where soft sediments were 

present. 

An airgun seismic p r o f i l i n g system, designed and b u i l t at 

Durham University by Mr. J. H. Peacock, was used on the I970 cruise. 

The airgun was a dual-pressure, e l e c t r i c a l l y - t r i g g e r e d type with a 

cylinder capacity of 9.4 cubic inches. The ccxnpressed a i r was 

supplied by a diesel engine drivin g a ccanpressor which developed a 

pressure of about 2,000 l b / i n . A reducing valve lowered the press­

ure f o r the low pressure a i r l i n e . The gun was towed about 20 m 

behind the vessel at a depth of about 10 m, on a simple frame which 

was weighted down wit h large i r o n weights. AGe'omdchanique hydrophone 

array, about one kilometre i n length and containing two, one hundred 

metre long, active sections, was used as a receiver. This type of 

array consists of a f l e x i b l e p l a s t i c tube through vrtiich i s threaded 

a steel cable f o r towing purposes. The tube i s f i l l e d with o i l of a 

8\iitable density u n t i l the array i s neutrally buoyant at a certain 

desired depth. This i s usually about two metres. The active sections 

of the array contain geophones i n the o i l at two metre intervals. The 

array i s towed behind the ship on a spring section of cable which has 

the property of decoupling the noise of the ship from the array. 

This type of array produces a high signal to noise r a t i o . The plastic 

tQ%e tows through the water smoothly so reducing water disturbance 

noise. The ship noise i s cut to a minimum by the spring section of 

cable and by the distance behind the ship that the active sections 

are towed. The large number of geophones and t h e i r spacing increases 
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the signal picked up from below but noise t r a v e l l i n g horizontally 

tends to destructively inte r f e r e with i t s e l f across the array. 

The signal frcan the geophones was preamplified and recorded 

d i r e c t l y onto one inch magnetic tape on an E.M.I, tape deck. The 

preamplified signal was also passed through suitable band pass 

f i l t e r s which were adjusted to admit only those frequencies vrtiich 

appeared to give the best penetration and resolution. The f i l t e r e d 

signal was recorded on a variable-area Geospace recorder on l i g h t 

sensitive paper. The maximxm penetration was between three and four 

seconds of two-way time i n r e l a t i v e l y unconsolidated sediments. The 

operation of t h i s equipment was scanewhat spasmodic. This was mainly 

caused by fa i l u r e s of the energy source. Compressor breakdowns were 

experienced but the principal cause of trouble was f a i l u r e of the high 

pressure a i r lines i n the v i c i n i t y of the airgun where they underwent 

considerable stress i n the water. On Line 31/70 the f a i l u r e of the 

pressure r e l i e f valve on the compressor f i n a l l y curtailed p r o f i l i n g . 

Fortunately t h i s occurred near the end of the cruise. 

I n 1971, a commercially marketed Bolt airgxin was used. This 

was f i t t e d with a 12 cubic inch chamber and a i r at a pressure of about 

2,000 Ib/inC^was supplied by the same compressor as i n 1970. A 

Geome'chanique array was again used but tiaggezdng and recording was 

carried out using the same E.G. & G. Type 254 system as was used with 

the sparker source. The signal was not recorded on magnetic tape 

therefore a l l processing had to be carried out concurrently. A band­

pass of about 20-100 Hertz provided the best penetration and resol­

u t i o n . Recording was on electro-chemical sensistive recording paper 

as i t was when the sparker source was used. A penetration of about 

three seconds two-way time was the maximum recorded. L i t t l e trouble 

was experienced with t h i s system. The only problons of any importance 
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were the f a i l u r e of the drive belts from the diesel engine to the 

compressor involving a v i s i t t o Stomoway f o r replacements and 

trouble from d i r t i n the diesel engine f u e l , 

2 , 6 , 2 . Processing and display of data,, 

The data from the two cruises was i n two d i s t i n c t forms. A l l 

the sparker and the 1971 a i r gun data was recorded only on the paper 

chart recorder therefore no further processing of the o r i g i n a l s i g ­

nal was possible. Two methods can be used to display data available 

i n t h i s form. The f i r s t involves producing photographs of important 

sections of the o r i g i n a l records. This method has been used to ŝ jow 

p a r t i c u l a r structures and the relationships between various sedimen­

t a r y layers. The v e r t i c a l exaggeration of the records i s unchanged 

on the photographs therefore only short sections can be covered. 

The second method involves recognising the important reflectors, 

d i g i t i s i n g the records and then reproducing them using di f f e r e n t 

horizontal and v e r t i c a l scales. This method allows long p r o f i l e s 

t o be condensed i n t o short presentable sections and often elucidates 

the broad relationships between various structures and r e f l e c t i n g 

horizons. The method i s somewhat subjective i n that the reflectors 

must f i r s t be recognised as such and multiple reflections must be 

eliminated* The d i g i t i s i n g and reproduction of the records can be 

done manually or using a d i g i t i s i n g table and the on-line Calcomp 

computer p l o t t e r . The p r o f i l e s from t h i s survey have allbeoireproduced 

manually since the numerous changes i n scale, the number of breaks i n 

the records and other small imperfections would have made a more 

automated system cumbersome. A l l lines on the o r i g i n a l records, no 

matter how short, have been reproduced excepting those which are 

obvious multiples. 
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The airgun data from 1970 was a l l recorded on magnetic tape, 

A system i s being designed which shoxjld be capable of processing 

the data to eliminate multiple reflections and increase the signal 

to noise r a t i o . This system was not available f o r the present work 

so the data was replayed on the Geospace variable-area recorder i n 
* 

a s i m i l a r manner t o that used on board the ship. The horizontal 

scale was halved to 0.42 cn/minute which made the reflectors more 

easily recognisable than they were on the o r i g i n a l records. Since 

the reduced horizontal scale was not small enough to make the r e c o i l 

presentable they were d i g i t i s e d and reproduced i n a similar manner 

to the other type of records. 

2,6 ,3. Wide angle r e f l e c t i o n work.. 

On the 1 970 cruise, wide angle r e f l e c t i o n work was carried out 

using the a i r gun and the recording equipment. Disposable sonobuoys 

of a type manufactured by U l t r a Electronics were used as receivers. 

The signals were transmitted to the ship using a V.H.F. wavelength 

and were recorded and displayed using the same equipment as f o r the 

p r o f i l i n g . The results were interpreted by A.G. McKay (1972) 

(Appendix C) using a computer program w r i t t e n by Le Pichon, Ewing 

and Houtz (I968) and adapted by R. Whitmarsh (N.I.O., England). 
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CHAPTER 3o, 

Methods of Interpretation 

3.1. Preparation of data 

Before interpretation can be carried out, the data must be 

reduced and stored i n useable form. Values of l a t i t u d e , longitude, 

depth, gravity and magnetic f i e l d were interpolated at h a l f k i l o ­

metre intervals and stared i n a computer card image format on 

magnetic tape f o r use on the NUMAC IBM 36O/67 computer. The 

l a t i t u d e , longitude, gravity and depth were interpolated using a 

program called SPLINE. The program f i t t e d a cubic curve to a specific 

number of successive points and then interpolated between the middle 

points. Since no short wavelength variations of these readings were 

expected, t h i s interpolation should give accurate values. The 

magnetic observations were d i g i t i s e d at shoi^; enou^ intervals to 
^ (3^ poirrts/wavelength) 

record a l l the short wavelengcn variation^and therefore linear i n t e r ­
polation between adjacent points was used. The stored data was arranged 
i n t o blocks, eacji block containing one Line of data. Data could be 
selected and read o f f the tape at any time thereby making the hand­
l i n g of data r e l a t i v e l y simple. A l l the interpretation was carried 
out using data i n t h i s form. The spacing of the data points was 
varied by using the data from card images at various intervals from 
the data blocks. 
3.2. Basic methods 

The gravity and magnetic interpretational methods are of two 

types. The basic methods involve f i t t i n g the calculated anomaly 

of a model to an observed anomaly along a p r o f i l e . Either a two or 

three dimensional model can be used depending on the structure being 

investigated. 

Before t h i s type of interpretation can be carried out certain 

parameters, such as the density or magnetisation of the body, must 

be estimated or assumed. Methods of estimating these parameters 
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are called here 'Control methods'. These do not produce a model 

of an actual structure but provide estimates of key parameters 

such as the depth to the top surface. 

The basic methods are now described. Although they are 

divided into two, gravity and magnetics, the information gained 

from each method i s used to control the other. 

3,2,1, Gravity f i t t i n g 

The p r o f i l e s were planned to l i e perpendicular to the dominant 

s t r i k e of the obvious structures. Two-dimensional interpretational 

methods were used except i n a few cases vrtiere i t was clear that the 

structures were not two-dimensional. I n these cases three-dimensional 

in t e r p r e t a t i o n was used. 

The gravity anomaly caused by a model body i s calculated and 

compared to an observed anomaly. The basis of t h i s calculation i s 

that used by the program GRAVN (Bott 1969a). The gravity anomaly 

at a point caused by a body i s calculated by adding and subtracting 

the effects of a series of semi-infinite horizontal slabs, each one 

having a sloping end defined by two of the body points. The anomaly 

caused by any polygonal body can be calculated by taking a slab f o r 

each pair of adjacent body points. 

A program GRAVZ has been wr i t t e n (Appendix D) which computes 

the gravity anomaly of a specified model and compares i t to the 

observed anomaly. I n the present work, variations i n structure from 

an assumed structure at one point on a p r o f i l e are considered 

therefore the value of a uniform regional f i e l d i s irrelevant to 

the calculations. Only a regional f i e l d with a gradient across 

the area has any effect on the interpretation. Perturbations i n 

s a t e l l i t e o rbits have been used to calculate both the Earth's 

geoid, described using spherical harmonic analysis to the eighth 
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degree, and the long wavelength deviations of the Earth's gravity 

f i e l d (King Hele 1967). A gravity high of 19 mgal i s associated 

w i t h the North A t l a n t i c (Moberly and Khan 1969) but the change 

between Rockall and Ireland, the direction of maximum gradient, 

i s no more than -3 mgal. Since a change i n the depth of the Moho 

of 1 km causes a change i n gravity of about 16 mgal (Bott and Watts 

1971), a regional gradient of 5 mgal i n 300 km i s clearly negligible. 

The program GRAVZ assumes a constant regional which equalises 

the value of the computed and observed p r o f i l e s measured at the f i r s t 

s t a t i o n point. &RA.VZ reads the model as a series of layers and of 

indi v i d u a l bodies of pa r t i c u l a r densities. The observed values of 

the f r e e - a i r gravity anomaly, the bathymetry values and the distances 

along the p r o f i l e of the s t a t i o n points are read from the standard 

data bank. The gravitational effect of the sea water layer i s c a l -

cxilated before the density, body point spacing and number of body 

points of the next layer, usually a sedimentary layer, are read. 

The spacing of the body points f o r each layer must be constant but 

may be changed from layer to layer. Only the body points f o r the 

base of each layer are required as i t i s assumed that the top of 

the layer i s the same as the bottom of the previous layer. A l l 

layers are autcmatically extended to i n f i n i t y at either end of the 

p r o f i l e . I f a complete model i s being considered the lowest layer 

i s usually the mantle and i s given a horizontal base at any 

a r b i t r a r y depth. A l t e r n a t i v e l y , a Bouguer anomaly may be calculated 

by only considering the upper layers. After the layers have been 

considered, i t i s possible to add on the effect of any individual 

bodies to the calculated gravity p r o f i l e by feeding i n the positions 

of the body points and the density of the body. When a l l the data 

has been read i n , the program calculates the gravity anomaly and 

subtracts t h i s from the observed anomaly. The output includes 
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a l l the input data, f o r checking, and the differences "between the 

anomalies. The divergence of the model from hydrostatic e q u i l ­

ibrium r e l a t i v e to one end i s also calculated at each station 

point. 

Originally, an optimisation procedure was included i n the 

program. This repeated the process f o r s l i g h t l y different body 

points u n t i l the value of the sum of the squares of the differences 

between the observed and computed anomaly values was a minimum. 

This was found to be unmanageable since many values could be varied 

and geologically unreasonable models were often produced. Reason­

able models were found with l i t t l e trouble by running the program 

several times and a l t e r i n g the body points manually. The program and 

the data were stored,'̂ ', i n the computer and the program was run using a 

dir e c t l i n k t o the computer through an IBM communications typewriter 

terminal. Alterations to the data were also carried out a f t e r each 

run through the terminal. Up to about ten dif f e r e n t models could 

therefore be t r i e d i n one h a l f hour period depending on the lengths 

of the p r o f i l e s and the complexity of the models. 

The gravity anomalies over three-dimensional models were c a l ­

culated using the computer program G-REND (Bott and Tuson - i n press). 

This requires a d i v i s i o n of the model into a series of polygonal 

prisms with t h e i r horizontal axes perpendicular t o the plane of the 

p r o f i l e as shown i n Fig. 38 . The anomaly caused by the model i s 

f i r s t calculated assuming that the prisms are two-dimensional. The 

value of the anomaly caused by each prism at each f i e l d point i s then 

m u l t i p l i e d by an end-correction factor calculated using the method 

described by Nettleton (19/fO). The accuracy of the computed anomaly 

can be made as good as i s required by varsring the size and number 

of the prisms. The computed anomaly i s compared t o the observed 

anomaly and the model i s altered l a i t i l a reasonable f i t i s obtained. 
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3.2.2. Magnetic f i t t i n g 

Only two-dimensional bodies, uniform and i n f i n i t e i n the 

t h i r d dimension, have been considered i n the magnetics i n t e r p r e t ­

ation. The anomaly caused by a model i s calculated using the basis 

of the program MAG-N (Bott 1 969b) which i s similar to GRAVN (Section 

3 . 2.I.). The magnetisation contrast and direction are required i n 

place of the density contrast. The calculated anomaly i s compared 

to the observed anomaly. The model i s then changed s l i g h t l y and 

the procedure i s repeated x m f i l a reasonable f i t i s obtained. This 

process has been carried out using a non-linear optimisation program 

MUraiT (QMN 1969) and a apecially w r i t t e n subprogram OMA&Y, By 

varying the body point parameters and the magnetisation parameters 

of the model, MINUIT minimises the value of the sum of the squares 

of the differences at the station points between the observed and 

computed magnetic p r o f i l e s . The subprogram OMAG-Y calculates t h i s 

value f o r each set of parameters passed to i t by MINUIT. Any number 

of closed bodies may be used i n the model and each body may have any 

magnetisation vector. I t i s often desirable to extend a body to 

i n f i n i t y . This i s achieved by extending i t to a distant point 

(+ 1000 km). The res u l t i n g loss i n accioracy i s negligible. Since 

many minima of the function are l i k e l y to exist, geologically 

reasonable l i m i t s are applied to some or a l l of the parameters. 

This f a c i l i t y i s catered f o r by MINUIT. 

5.3. Control methods 

3.3,1, G-ravity-magnetic transforms 

The magnetic and gravity p r o f i l e s over a body of ar b i t r a r y 

shape, which s a t i s f i e s the Poisson condition, are related. A 

magnetic p r o f i l e over a body can be transformed to a gravity or 

pseudogravity p r o f i l e f o r a defined magnetisation vector of the 

body. By varying the magnetisation vector, and the magnetisation 

to density r a t i o , the pseudogravity anomaly can be f i t t e d t o the 
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observed gravity anomaly. Estimates of the true magnetisation 

vector and magnetisation to density r a t i o can thus be made. 

Provided that the Poisson vector (P =_^) i s constant at every 

point i n a body of a r b i t r a r y shape, the magnetic potential, V, 

and the gravitational p o t e n t i a l , U, at an external point are 

related by Poisson's equation: 

V = m . 7 U 

where js i s the magnetisation of the body, 

p i s the density of the body, 

and G i s the gravitational constant. 

For two-dimensional bodies: 

^ ^ r| ( ) (Bott 1969c), 

where g i s the gravity anomaly. 

a i s the magnetic anomaly component. 

the z-axis i s positive v e r t i c a l l y downwards. 

the X-axis i s horizontal and perpendicular to the 
st r i k e of the body. 

2 2 2 ~ 2 2 2 ~ F = ( s i n Im + cos Im cos o^. j^)^ ( s i n l e + cos l e c o S o C e ) ^ 

§ = + a 

= arctan (tan Inv/coso<r m) 

<r = arctan (tan le/cosoce) 

Ijn = dip of direction of magnetisation 

= azimuth of dire c t i o n of magnetisation 

I Q = direction of the magnetic anomaly component, 

= azimuth of the magnetic anomaly component, 

(azimuth i s measured from the positive x-axis). 

I f i t i s assumed that the r a t i o m i s constant throughout a 

body, i t i s possible to calculate a gravity anomaly from a magnetic 
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anomaly f o r assumed values of the ratio. . Values f o r Im, oc m, 

l e and ̂ e are either known or assumed. The resulting gravity 

anomaly i s known as a pseudogravity anomaly, Bott and Ingles 

(1972) have developed a method of carrying out t h i s process using 

the l i n e a r inverse method, A layer, made up of uniform blocks, i s 

calculated which i s equivalent t o the magnetic source body i n that 

the magnetic anomalies of the two are approximately the same. The 

magnetisation o f each block i s constant but varies from block to 

block. The Î B..Mf, s c i e n t i f i c subroutine LLSQ i s then used to c a l ­

culate the optimum value of m which gives the best f i t of the c a l -
P 

culated gravity anomaly caused by the blocks t o the observed gravity 

anomaly. 

The program TRMG- (Ingles 1972), w r i t t e n i n PL/1 f o r use on 

the NUMAC IBM 36O/67 ccmputer, has ;been used i n the present work. 

Slight modifications were, made to suit the form of the data and to 

enable i t to be read i n from either north to south or from south 

to north. The values of the dip and azimuth of the magnetisation 

vector i n the body were varied u n t i l the highest correlation r a t i o 

between the observed and calculated gravity anomalies was obtained. 

I f t h i s r a t i o was high^ i t was deduced that the gravity and magnetic 

anomalies were s t r o n g l y r e l a t e d and the values of dip, azimutja and 
m were noted. I f the correlation r a t i o was low the results were 
P 
ignored. 

3.3.2. Magnetic power spectrum analysis 

The depth to a magnetic basement can be estimated by analysing 

the power spectinim of a magnetic anomaly p r o f i l e over i t . A p r o f i l e 

over a, ahallow basement contains anomalies of shorter wavelength 

than a p r o f i l e over a deep basement. Assuming that a magnetic 

basement may be approximated by a single uncorrelated d i s t r i b u t i o n 
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of i n f i n i t e l y long, magnetic l i n e sources, a pl o t of the natural 
logarithm of the normalised power of the magnetic anomaly against 
the wavenumber i s a straight l i n e . The l i n e passes through the 
o r i g i n and i s of slope -2d where d i s the depth to the basement 
( T r e i t e l et a l . 1971). The prime advantage of the method i s 
that knowledge of the magnetisation vector of the body or the 
d i r e c t i o n of the Earth's f i e l d i s unnecessary^ 

The power spectrum of a waveform can be calculated by taking 

the cosine transform of the autocorrelation function of that 

waveform (Blackman and Tukey 1958). Since a magnetic record i s 

always of f i n i t e length, inaccuracies can occur i n the calculation 

of the autocorrelation function. The function is therefore mul­

t i p l i e d by a suitable even function of the lag used to calculate 

the autocorrelation function. This i s known as a lag window. 

Although the calculated autocorrelation function may then be a 

poor estimate of the true function i t s transform i s usually a 

reasonable estimate of smoothed values of the true power spectrum. 

The use of a lag window introduces other problems to the method. 

I f there i s a large peak i n the power spectrum, i t may be 'reflected' 

at higher frequencies by the side lobes of the lag window therefore 

prewhitening must be applied to the data. A f l a t t e r power spectrum 

i s therefore calculated which i s l a t e r transformed to give the true 

spectrum. 

Any regional trend or constant term i n the magnetic p r o f i l e 

affects the shape of the power spectrum. The regional values at 

the s t a t i o n points must therefore be subtracted before the auto­

corre l a t i o n function i s calculated. The power at zero frequency 

i s affected by the magnitude of a constant term and w i l l therefore 

be changed i f the term i s not present. To compensate for t h i s , the 

zero frequency term i s m u l t i p l i e d by a calculated factor (Blackman 

and Tukey 1958). The resulting value i s , however, s t i l l l i k e l y to 
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be inaccurate and i t i s therefore usually ignored. 

A computer program P0W2 (Lee 1972), w r i t t e n f o r use on the 

NUMAC IBM 360/67 computer, was used i n the present work to c a l ­

culate the power spectra. Lee has found through experience that 

the use of prewhitening and a Hanning lag window gives the most 

accurate estimates of basement depths. The maximum lag used to 

calculate the autocorrelation function was that recommended by 

Lee, The procedure was usually carried out on several separate 

and overlapping sections of a p r o f i l e and the results from each 

were compared to give an estimate of the accuracy. 

3.3.3. Use of r e f l e c t i o n p r o f i l e s 

Reflection p r o f i l e s can be used both q u a l i t a t i v e l y and 

quantitatively. Their qualitative use involves the recognition 

of d i f f e r e n t structures i n the various rocks and sediments under­

l y i n g the seabed. I n the present area, the d i s t i n c t i o n between 

acoustically opaque or basement rocks and the overlying sediments 

is f a i r l y d i s t i n c t . On a l l the banks and on the continental shelf, 

the basement rock can be recognised and i n many cases the surface of 

i t can be traced beneath the sediments. Unfortunately, the power of 

the a i r gun was not s u f f i c i e n t to trace the basement over the whole 

area. The sedimentary r e f l e c t i n g horizons, which are common i n the 

area, can be mistaken f o r the basement at depths approaching the 

l i m i t of penetration as has been pointed out i n the Hatton-Rockall 

Basin (Roberts et a l . 1970). 

The quantitative use of seismic r e f l e c t i o n records depends, 

i n i t i a l l y , on the qualitative interpretation of the r e f l e c t i n g 

horizons being carried out s a t i s f a c t o r i l y and, secondly, on the 

values of sediment v e l o c i t i e s being known with some accuracy. The 

two-way time f o r the r e f l e c t i o n from any position on a r e f l e c t i n g 

horizon can be measured d i r e c t l y from the records. Two corrections 
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should be applied t o t h i s time. Allowance should be made f o r 
the pressure wave not having t r a v e l l e d v e r t i c a l l y since the source 
and the receiver were not i n the same position. I n the case of 
the G-eomichanique array, the distance between the two was approx­
imately half a kilometre. Most of the quantitative work has been 
carried out i n water of at least h a l f a kilometre depth and on 
r e f l e c t i n g horizons of greater than one kilometre depth therefore 
the maximum correction should be of the order of one hundred metres. 
Over most of the p r o f i l e s the correction would be much less. Since 
the v e l o c i t i e s of the deeper sediments were not known to an accuracy 
of greater than about 0.2 km/s, the accuracy of any depth determin­
ation through sediments 1 km t h i c k are unlikely to have an accuracy 
of greater than 200 m therefore the wavepath correction can be 
discarded. 

The other correction which coiiLd be applied is f o r the depth 

of the sparker or airgun and the hydrophoHes beneath the water. 

This correction i s a constant one of between 10 and 15 m. The 

correction has not been applied since i t i s again very small compared 

t o other possible errors. I t w i l l t o some extent cancel out the 

effect of the previous error. The correction i s irrelevant when 

considering the depth of reflectors beneath the seabed. 

The calcxilation of the depth of a r e f l e c t i n g horizon or the 

basement was carried out manually assijming an average velocity f o r 

the sediments. The vel o c i t i e s used were calculated from previously 

published results and from the wide-angle r e f l e c t i o n results gained 

from the 1 970 cruise. 

The r e f l e c t i o n p r o f i l e s have been used to determine the depth 

t o the basement, where i t i s seen, f o r use as a control i n the other 

i n t e r p r e t a t i v e methods. They have also been used to determine the 

type and attitu d e of bedding or layering i n the sediments and to 

trace r e f l e c t i n g horizons l y i n g i n the sediments. 
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CHAPTER 4 -

The Rockall Trough, adjoining 
margins and the outer banks 

4.1. Introduction 

The Rockall Trough separates Rockall Plateau, described as a 

microcontinent by Scrutton and Roberts (1971), to the northwest from 

the B r i t i s h continental shelf t o the southeast (Pig . 2 ) , To the 

southwest, the Trough opens i n t o the eastern North Atlantic basin, 

whereas, to the northeast, the bathymetric barrier formed by Faeroe 

Bank and the Wjnrille-Thomson Rise separates the Trough from the Paeroe-

Shetland channel and the Norwegian Sea. To the north of the Trough l i e 

(Jearge Bligh, Lousy and B i l l Bailey's Banks which rise to a depth of 

100 to 300 fathoms. The water depth i n the Trough decreases from 

about 2000 fathoms at the southwestern end to about 500 fathoms at the 

northeastern end. I n the centre of the northern part of Rockall 

Trough, Rosemary Bank and the Anton Dohrn seamount rise to depths of 

300 to 400 fathoms, 

4.2. The sediments 

4.2.1 Thicknesses 

The thickness of the sediment i n the south of the Trough, at 

55°N, has been estimated by re f r a c t i o n methods to be about 5 km (Ewing 

and Ewing 1959 - Line E 10) (Pig . 4 ) . The sediments are underlain by a 

layer w i t h a P-wave ve l o c i t y of 6.96 kn/s, although an alternative 

i n t e r p r e t a t i o n indicated about 4.5 km of sediment underlain by a 

layer of P-wave velocity 5.55 kn/s. (Fig,4) . A seismic refraction 

p r o f i l e from s l i g h t l y f u r t h e r north (Scrutton I97I - LineC ) indicates 

that about 5 km of sediment i s present underlain by a layer of P-wave 

ve l o c i t y 4.72 kn/s. I n the northern part of the Trough, at 58° 15' N, 

about 2.6 km of sediment are underlain by a layer of P-wave velo c i t y 
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4.97 kn/s (Ewing and Ewing 1959 Line E11). A l l the refraction lines 

were unreversed therefore i f dipping layers are present, the velo c i t i e s 

and thickness estimates may be i n error. The overall smoothness of the 

sediments i n the Trough shown by r e f l e c t i o n p r o f i l e s (Scrutton and 

Roberts 1971» Jones et a l . 1970) makes t h i s appear unlikely, 
apparentr; 

The/velocities of 4.72, 4.97 and 5.55 kn/s a l l l i e within a range 

representative of both consolidated sediments and of oceanic layer 2 

material (Bott 1971). I n order t o investigate the nature of the layer 

underlying the sediments, power spectral analysis of the magnetic 

p r o f i l e on Line 3/970 was carried out. This l i n e passes close to the 

position of re f r a c t i o n l i n e E l l . Since the depth to the magnetic 

basement was expected t o be several kilometres, lengths of about 150 km 

of the p r o f i l e were used f o r analysis. The results from three lengths 

of the l i n e were 5.5':/'» 4.4;̂ ; and 5.0.) km. The scatter of values i s 

unlikely to be caused by real l a t e r a l variations i n depth since the 

lengths of l i n e used overlapped considerably. A magnetic equivalent ^ 5) kmi thick. , 
layer;(was computed at a depth of 5 km beneath Line 3/970. The mag­

netisations of the blocks making up the layer varied from about 0.001 

to 0.005 emVcm^. Since the magnetic basement i s presumably only 

overlain by r e l a t i v e l y non-magnetic sediments, these results indicate 

t h a t a thickness of sediment of about 3 km i s present allowing f o r 

the water depth of 2km. This i s i n good agreement with the results 

of r e f r a c t i o n l i n e E 11 and indicates that the 4.97 kn/s layer i s the 

magnetic basement. I t i s reasonable to assume that the 4.72 kin/s layer 

found by Scrutton and probably the 5.55 kn/s layer on l i n e E 10 are 

also magnetic basement. The scatter of these v e l o c i t i e s , i f they are 

representative of the same layer, may be due to the refraction lines 

being unreversed and, i n some cases, being carried out i n bad weather. 
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Old Red Sandstone and Torridonian Sandstone are the only sed­

imentary rocks i n the region with velocities similar to those measured. 

Old Red Sandstone i n Brecknockshire has vel o c i t i e s between 4,15 and 

4.64 kn/s (Day et a l . 1956) whereas measurements of the velocities of 

the Middle Old Red Sandstone i n the Orkneys have yielded 4.9 to 5.8 

km/s (McQuillin I968). The Old Red Sandstone i n the Orkneys i s r e l ­

a t i v e l y non-magnetic (Flinn I969) and i t would therefore be unlikely 

to form a magnetic basement, Torridonian Sandstone, which i s s l i g h t l y 

denser than Old Red Sandstone (Tuson 1959), probably has a velocity 

near the top of, or above. Class 3 (3.65 to 4.85 km/s) of Day et a l . 

(1956) and H i l l and King (1953), defined from t h e i r studies i n the 

English Channel and i t s approaches. Material with a well-determined 

ve l o c i t y of 4.7 kn/s, l y i n g i n Basin 'E' on the continental shelf west 

of the Shetlands (Watts 1971), niay be Torridonian Sandstone (Browitt 

1 971). This velocity agrees well with that measured i n the Rockall 

Trough but Torridonian Sandstone i s r e l a t i v e l y non-magnetic (Powell 

1970) and i s unlikely t o form the magnetic basement. Lewisian material 

forms the magnetic basement over large areas i n northwest Scotland 

(Powell 1970) but i t s v e l o c i t y , calculated from i t s density and from 

r e f r a c t i o n experiments, l i e s between 5.95 and 6.4 kn/s which i s probably 

too h i ^ f o r the material i n the Trough, I t i s unlikely that continen­

t a l mateidal underlies the sediments i n the Trough, 

The v e l o c i t y of an oceanic layer 2, which probably consists of 

basaltic lava or intrusive rocks of similar composition, l i e s between 

4.0 and 6.0 kn/s ancL been shown that h i ^ y magnetic rocks form 

a substantial part of the layer (Bott 1971). The magnetisation of oceanic 

layer 2 l i e s between about 0.001 and 0.01 emVcm^ (Bott 1971). The c a l ­

culated values f o r the basement are therefore possible values f o r a 

layer of that type. The geophysical data i s consistent with a layer 

of s imilar properties to an oceanic layer 2 underlying the sediments. 
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Figure 7. P r o f i l e s on L i n e 3/970. 
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This substantiates the theory that Rockall Trough was formed by 

ocean f l o o r spreading (Vine 1966) rather than by continenta,l.subSr* 

idence. 

The depth of the basement i n the Rockall Trough appears t o 

decrease from about 7 km t o 5 km beneath sea level between 55°N and 

58°N. A deep ir r e g u l a r r e f l e c t o r across the southern part of the 

trough (Scrutton and Roberts 1971 - r e f l e c t o r ' 5 ' ) has been correlated 

with the top of the basement layer. The r e f l e c t i o n p r o f i l e on Line 

3 /970 (Fig.7 ) shows a r e f l e c t i n g horizon at a£depth of about 4 . 5 So 

two-way time. I t i s somewhat intermittent and s l i g h t l y irregular but 

i t does not" appear to be as irregu l a r as Scrutton and Roberts' re f l e c ­

t o r ' 5 ' . On Line 3 1 / 7 0 (Fig.8) the r e f l e c t o r i s smoother and more 

continuous and looks less l i k e a basement r e f l e c t i o n although i t does 

appear to be continuous w i t h the basement on Rosemary Bank. On Lines 

6/970 and 7/970 (Pig. 9) the deepest r e f l e c t o r i s at a depth of about 4 s 

which may indicate that the r e f l e c t o r depth i s decreasing towards the 

north. A wide angle r e f l e c t i o n station on Line 3 / 970 , WAR3 (Pig . 7 , 

Appendix C), gave results which may be unreliable , ( ~ ^ , --IIZ3̂^̂3-=̂  
^^I^^TT^^^^^^^^ The top layer has a velocity of 2.1 kn/s 

whilst the lower two layers have estimated vel o c i t i e s of only 2 ,0 kn/s. 

The v e l o c i t y of 2 . 0 Igi/s agrees well with Ewing and Ewing's unreversed 

ve l o c i t y of 2.08 km/s but neither of these results are well-determined. 

The depth of 2 km beneath the sea bed of the lowest r e f l e c t o r , as 

calculated from the wide-angle r e f l e c t i o n results, i s l i k e l y to be 

a m-ipinnim estimate since the v e l o c i t i e s measured i n the sediments i n 

the southern part of the Trough are higher than those used f o r t h i s 

estimate. I t i s therefore possible that the lowest r e f l e c t o r on the 

r e f l e c t i o n p r o f i l e s i s the surface of the basement layer. I t could 

hovrever be a r e f l e c t i n g horizon s l i g h t l y above the basement. 
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F i g u r e 8. P r o f i l e s on part of L i n e 30/70 and on L i n e 3l/70. 
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F i g u r e 9. P r o f i l e s on L i n e s 6/970 and 7/970. 
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OnD Line 4/970, between G-eorge Bligh and B i l l Bailey's Banks 

(Pig. 10), a strongly r e f l e c t i n g horizon, which can be traced from the 

basement outcropping on the Banks, i s seen on most of the p r o f i l e . 

The significance of t h i s i s discussed i n Section 4.4.1. Line 5/970 

passes along the southern side of the Wyville-Thomson Rise. The 

eastern end of the Line shows a sedimentation pattern t y p i c a l of the 

Trough w i t h the basement at a depth of 2 to 3 km below the seabed 

(WAR5 - Appendix e, F i g . l l ) but the remainder i s clearly affected by 

the Rise and i s discussed i n Chapter 5. 

4.2,2. The r e f l e c t i n g horizons and the sediment ages 

A strongly r e f l e c t i n g horizon, composed of many small cuspate 

re f l e c t o r s and at a depth of between 0,5 and 0.75 seconds two-way 

time, has been recognised i n many parts of the Rockall Trough (Le 

Pic&aEic e t a l . 1970, Scrutton and Roberts 1971, Jones et a l . 1970). I t 

i s usually known as r e f l e c t o r 'R' and i s underlain by r e l a t i v e l y trans­

parent sediments. Jones (personal communication) has dated r e f l e c t o r 

'R' as Lower-Middle Oligocene by tracing i t into the main basin of the 

A t l a n t i c and across t o the position where i t wedges out against the 

oceanic layer 2. This position has been dated using the magnetic 

reversal time scale recorded by the magnetic lineations of the ocean 

f l o o r ( H e i r t z l e r et a l . 1968). DilGv Roberts (personal communication) 

dated the r e f l e c t o r by correlating i t with a r e f l e c t o r i n the Hatton-

Rockall Basin which has been dated at 45 m yr i n a Deep Sea D r i l l i n g 

Project borehole. 

Reflector 'R' can be recognised on most of the r e f l e c t i o n 

p r o f i l e s i n the Rockall Trough. Line 3/970 (Fig.7) crossed Line C 

of Jones et a l , (1970) on which they have recognised r e f l e c t o r 'R'. 

The i d e n t i t y of the r e f l e c t o r on Line 3/970 i s therefore established. 

The r e f l e c t o r i s i d e n t i f i a b l e on Line A/970 (Fig. 1O) by reference to 

the adjacent Line 3/970. Roberts (personal communication) has 
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confirmed that r e f l e c t o r 'R' l i e s at a depth of about 0.5 seconds i n 

thi s area. Reflector 'R' has been recognised on Lines 51/70, 22/71, 

7/970, 6/970 and 5/970 (Pigs. 8, 12, 9 & 11) by correlation using 

the depth of the r e f l e c t o r . The depth of the r e f l e c t o r on a l l 

previous p r o f i l e s i n the Rockall Trough i s between about 0.5 and 

0.75 seconds therefore i t i s reasonable to assume that arprominent 

r e f l e c t o r elsevrtiere i n an undisturbed part of the Trough and at the 

correct depth i s 'R'. The consistency of the depth of the re f l e c t o r 

i s confinned by the present p r o f i l e s . 

At the Hebridean continental margin, r e f l e c t o r 'R' r i s e s 

towards the surface. On p r o f i l e s 31/70, 2^/71 and perhaps 5/970 (Pigs. 

8, 12 & 7), a l l of which cross the margin where i t changes from a north-

south to a northeast-southwest trend, the r e f l e c t o r emerges at the 

seabed. This i s most c l e a r l y seen on Line 51/70 where there i s also 

a dip i n the r e f l e c t o r close to the margin. Further along the margin 

to the northeast on Lines 5/970, 6/970 and 7/970 (Pigs. 11 & 9), r e f ­

l e c t o r 'R' slopes up and becomes l o s t i n the sedimentary layers which 

drape the margin. A s i m i l a r situation i s present to the south of the 

comer i n the margin (Jones et a l , 1970 - P r o f i l e C). There has there­

fore e i t h e r been l e s s sediment deposited over the comer of the margin 

or i t has been deposited and eroded away. The dip i n the reflectors on 

Line 51/70 (Fig,8) suggests that currents scoured a trough round the 

foot of the margin i n the past and the presence of a trough about 50 m 

deep i n the present seabed suggests that they s t i l l do. A similar, 

but more pronounced effect i s seen round the base of Rosemary Baiik 

(Line 50/70, Pi^ . 8 ) . 

The sediments l y i n g on the margin can be most c l e a r l y seen on 

the sparker p r o f i l e s from Lines 2^71 and 1^/71 (Pigs. 12 & 15). Two 

unconformities can be seen on Line 2k/7\, The lower one, which may 

also be present on Line 1i|/71 s l i g h t l y below the seabed, l i e s at a 

depth of about 1500 m whilst X]^. upper unconformity i s at about 680 m 
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depth. The lower unconformity i s almost horizontal and i s overlain 

by gently seaward-dipping sediments. The sediments show f a i r l y 

continuous bedding which indicates a post-Cretaceous age (Stride et 

a l , 1969) and have a thickness which decreases from about 7OO m on 

Line 1^71 to about 500 m on Line 2k/l\. The thickness of similar 

sediments on the eastern margin of the Paeroe-Shetland channel (about 

1200 m) i s such that the sediments are unlikely to be entirely Quat­

ernary i n age and are probably also T e r t i a i y (Stride et a l . I969), 

P r o f i l e s 24/71 and 51/70 show that the lower unconformity i s probably 

younger than or contemporaneous with re f l e c t o r 'R*. The sediments 

overlying i t may therefore be of Oligocene or l a t e r age. The material 

underlying the unconformity shows no bedding on the present p r o f i l e s . 

Stride et a l . (I969) recognised 'a sedimentary series with rather i l l -

defined, discontinuous bedding with a low westerly (apparent) dip' 

beneath the well-bedded s e r i e s . They considered i t to be Palaeozoic 

i n aspect. G-ravity and magnetic evidence on Line 2k/J\ and magnetic 

evidence on Line 51/70 (Pigs. 12 & 8) indicates that an intrusive 

complex l i e s beneath the continental slope (Section 6.5.2.). The lack 

of bedding beneath the lower unconformity may be caused by the presence 

of igneous rock. I f intrusive material had r i s e n i n the crust beneath, 

i t may have caused both the exposure of r e f l e c t o r 'R' and the formation 

of the unconformity. The unconformity would therefore be younger than 

the i n t r u s i o n , whilst r e f l e c t o r 'R' would probably be older. 

The upper unconformity may be a continuation of the lower 

one l y i n g to the eastern side of a nonaal f a u l t . The bedding of the 

sediments IjrLng above i t i s similar to that above the lower unconformity 

but i n d i s t i n c t bedding i s present beneath i t . 

The relatienship between r e f l e c t o r 'R' and the sediments draping 

G-eorge Bligh and B i l l Bailey's Banks i s quite different from that 

found at the continental margin. The beds containing r e f l e c t o r 'R' 
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overlap onto the sediments which are draped over the Banks 

(Pigs. 7 & 10). The boundary between the horizontal sediments 

and the prograded sediments i s d i s t i n c t thereby indicating that 

l i t t l e or no sediment has been deposited over the sides of the 

Banks, as d i s t i n c t from the general sedimentation on the ocean 

floor, since well before r e f l e c t o r 'R' or Lower Oligocene times. 

Shis relationship i s also found on Rosemary Bank and on the Wyville-

Thomson Rise, The difference between the Hebridean margin and 

the margins of the Banks i s also shown on the re f l e c t i o n profiles 

of Scrutton and Roberts (1971), Jones et a l . (1970) and Le Pichon 

et a l . (1970). The relationship on the Hebridean continental 

margin implies that an almost continuous supply of sediment was 

available from the land areas u n t i l well after Lower Oligocene 

times. This situation has presumably changed r e l a t i v e l y recently 

since there i s unlikely to be any flow of sediment over the shelf 

and there i s no sizeable provenance for any sediment at present. 

Around the Banks, the supply of sediment presumably only lasted u n t i l 

some time before the Lower Oligocene except perhaps for a small 

supply during Flandrian times when the sealevel was low. The lack 

of sediment supply could be caused by not only the r e l a t i v e l y small 

s i z e of the Banks but also by the Banks sinking rather more than the 

continental margin. The r e l a t i v e l y rapid sinking of the basement i n 

the Hatton-Rockall Basin during the Late Palaeocene (D.S.D.P. Scien­

t i f i c Staff) may have beencoJitemporaneous with a similar sinking of 

the Banks. 

4.2.3. Rosemary Bank 

L i t t l e sediment can be seen draping the sides of Rosemary 

Bank on Line 30/70 (Fig.8) and, since there i s no f l a t wave-cut 

plartform on i t s top> i t seems unlikely that the Bank has undergone 

much i f any subaerial erosion. Reflector 'R' wedges out horizontally 

against the Bank as do other r e f l e c t i n g horizons at l e a s t 0.5 second 
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(over 0,5 km) beneath 'R'. This implies that the Bank, which Scrutton 

(1971) has interpreted as an old volcano, was formed a considerable 

time before the Lower Oligocene and could be as old as the basement. 

Scrutton's hypothesis, based on the analysis of dredged samples, 

that the volcano i s not part of the Tertiary igneous province but 

was formed simultaneously with the opening of the Rockall Trough 

by ocean f l o o r spreading, i s supported by t h i s evidence. 

4.5. The cr u s t a l structure beneath the Rockall Trough and i t s margins 

4.5 »1. -Seismic control 

The seismic refraction r e s u l t s available from the Rockall Trough 

are summarised i n Pig.4. No definite a r r i v a l s have been received from 

the Moho but Line E 10 (Ewing and Ewing 1959) can be intei^jreted to 

show a l a y e r of v e l o c i t y 8.0 ijo/s at a depth of about 14 km. Several 

reasons for the lack of refracted a r r i v a l s from any great depth have 

been proposed i n the l i g h t of s i m i l a r experience elsewhere. A high 

v e l o c i t y layer, possibly composed of limestone or s a l t , or a layer 

with high attenuation properties may be present (Scrutton 1971). 

The former i s used to explain s i m i l a r problems i n the Eastern Medit­

erranean experienced by German s c i e n t i s t s but i n that case the 

presence of a s a l t l a y e r has been confirmed by the Deep Sea D r i l l i n g 

P r o j e c t . The seismic refraction data from the Trough can therefore 

only be used to determine the sediment thickness. 

G-ravity p r o f i l e s across the margins of the Trough have been used 

i n conjunction with seismic information from the Hebridean shelf and 

Rockall Bank to investigate changes i n the c r u s t a l thickness, 

A seismic refraction experiment on Rockall Bank found a con­

ti n e n t a l type of crust with a thickness of approximately 51 km 

(Scrutton 1970), A variable shallow structure i s underlain by an 

upper crust of v e l o c i t y 6,56 kn/s and a lower cinist with a l e s s w e l l -

determined v e l o c i t y of 7.02 kn/s. Inaccuracies i n t h i s velocity could 
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cause errors i n the estimated depth to the Moho. Agger and Carpenter 
(1964) used data from the Eskdalemuir station to calculate a Moho 
depth of 25 to 30 km i n that area whilst Blundell and Parks (I 969) 
calculated the depth to be about 29 km beneath the I r i s h Sea. 
Preliminary r e s u l t s from the 1972 North A t l a n t i c Seismic Project 
indicate that the depth to the Moho beneath the shelf offnorthwedt 
Scotland i s between 25 and 26 km (Smith - personal communication). 
This r e s u l t has been used i n the following work. 

4 . 3 . 2 . Seismic r e f l e c t i o n control 

A minimum thickness of sediment i n the Trough was determined 

from the r e f l e c t i o n p r o f i l e s . At the margins of the Trough, the 

position of the break i n slope of the basement and the approximate 

thickness of sediment draped over the continental slope could also be 

determined. This was useful, p a r t i c u l a r l y on Line 3/970, for reducing 

the ambiguity i n the magnetic and gravity interpretations. 

4 . 3 . 3 . Magnetic p r o f i l e interpretation 

The magnetic p r o f i l e at the western end of Line 3/970 was used 

quantitatively to determine the basement shape. The effect of magnetic 

igneous material masked the effect of the change i n basement depth on 

the p r o f i l e s over other parts of the margins. Even on the short 

section used the f i t obtained was rather poor (Fig . 1 4 ) because of 

large variations i n the anomaly over the Bank. The magnetic suscep­

t i b i l i t y of rock ranges from l e s s than 10~^ to about lO'^emu/cm^ 

(Nagata 196I) depending on the proportion of magnetic minerals i n 

the rock. Mafic igneous extrusive rocks usually have s u s c e p t i b i l i t i e s 

of 0.001 to 0.004 em}/0,^ whereas metamorphic rocks have somewhat 

lower values (Clark 1 966). Igneous rocks, p a r t i c i i l a r l y oceanic 

bas a l t s , often have a high remanent magnetisation. Values range from 

0.005 to 0.3 emVcm^ (Cox and Doell I962, Ade-Hall I964, Matthews 

1961). Since there may be a change i n the nature of the basement 

across the margin of &eorge Bligh Bank and the nature of the basement 
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i n e i t her the Trough or on the Bank i s not known, the magnetisation 
contrast used i n the model may not be accurate. The value of 0,002 
ema/om^ provided the best f i t of the calculated anomaly to the obser­
ved anomaly assuming that the basement has a magnetisation vector 
l y i n g i n the same direction as the Earth's f i e l d . The depth of the 
basement at either end of the structure was fixed and the shape of 
the basement over the edge of the Bank was modelled. This sh^pe was 
used as a basis f o r the gravity f i t t i n g although sli g h t modifications 
were made to improve the f i t of the gravity anomalies. 

The r e l a t i v e wavelengths of the magnetic anomalies were used 

q u a l i t a t i v e l y over the Hebridean margin to estimate where the break 

i n slope of the basement l i e s beneath the sediments. 

4 . 5 . 4 . G'ravity interpretation 

The gravity models for Lines 5/970, 1^71 and 5/970 are shown 

i n Pigs. 14, 15 & 16. The thickness of the sediments and the shapes 

of the margins agree well with the magnetic and refle c t i o n infonaation. 

The dense bodies at the eastern ends of pro f i l e s 5/970 and IV'71 

represent intrusive complexes which are discussed i n Chapter 6, 

The sediments were assumed to have a density of 2,1 

above a depth of about 1 km and a density of 2.25 g/cm^ below t h i s 

depth. These densities are based on the experimentally determined 

v e l o c i t i e s i n the sediments and t h e i r density equivalents (Nafe and 

Drake I 9 6 5 ) . Reflector 'R' l i e s approximately on the boundary between 

sediments with a v e l o c i t y of I . 7 I to 2,0 kn/s and sediments with a 

velo c i t y of 2.1 to 5.2 kn/s (Pig , 4 , Jones et a l , 1970). Results 

from the wide-angle r e f l e c t i o n experiments on the 1970 cruise indicate 

that the velocity above 'R' i s 1.8 to 2.0 kn/s (Appendix C). Since 

the r e f l e c t o r i s at a depth of about 0.75 second of two-way time, a 

la y e r ' ^ km thick of density 2,1 g/cv? i s a reasonable approximation 

to the sediments overlying the r e f l e c t o r . ' The density of 2,25 g/cv? 

f o r the sediments beneath 'R' i s equivalent to a ve l o c i t y of 2.9 to 
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3.0 km/s which i s a reasonable average of the measured v e l o c i t i e s , 

Woollard ( I966) found the average density of many samples 

of basement rock from North America to be 2.742 g/cm^ and estimated 

that the mean density of the continental crust was i n the range 

2.87 to 3.00 g/cm^. Bott et a l . (1972) measured the densities of 

a few samples of Lewisian rock to be 2 .69 to 2.76 g/cm^ but they 

estimated that the true densities were somewhat higher (Section 6 .3 .1) , 

I n the present work, densities of 2.85 g/ci^ above 8 km and 2,9 g/cm^ 

below 8 km are used f o r the continental crust. These estimates may 

be s l i g h t l y high near the surface but are probably reasonable at 

depth. The same densities are used f o r the crust beneath the 

Trough, I f t h i s crust i s oceanic, the densities are s t i l l reasonable 

estimates. No matter whether Layer 3 of an oceanic crust i s composed 

of p a r t i a l l y serpentinised peridotite (Hess 1965) or amphibolite 

(Cann I 9 6 8 ) , the density would be unlikely to be greater than 3.0 

g/cu? or l e s s than 2 .85 g/cm^. The assumed density contrast at the 

Moho of 0 ,4 g/cra^ i s based on Wogllard's ( I 966 ) estimate calculated 

by considering variations i n c r u s t a l thickness of regions i n i s o -

s t a t i c equilibrium. Any small inaccuracies i n the estimates of these 

densities or variations between the density beneath the shelf and that 

beneath the Trough w i l l produce r e l a t i v e l y small inaccuracies i n the 

calculated depth to the Moho. The basic model w i l l not be greatly 

affected. 

The interpretation on Line 3/970 (Fig . 1 4 ) shows the Moho at a 

depth of 11 km. This increases to 18 km on Line 1^71 and 20 km on 

Line 5/970 (Figs. I 5 & 16) . There i s therefore an increase i n the 

Moho depth towards the northern end of the Rockall Trough. The 

difference between the interpretations on Lines 1V71 and 5/970, 

which are about 30 km apart, i l l u s t r a t e s the possible range i n the 

depth to the Moho i n the interpretations caused by the uncertainty 

i n the thickness of the sediments. The slope of the Moho beneath the 
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margin i s considerably l e s s beneath the two northerly p r o f i l e s . The 
basement depth i n the centre of the Rockall Trough i s approximately 
1 km l e s s than i t i s towards the sides on Line 5/970. This r i s e 
could be replaced i n the model by a similar but greater r i s e i n the 
Moho. This i s unlikely since the c r u s t a l thickness would be unreas­
onably small. 

A sediment-filled basin l y i n g on the continental margin i s 

present on the interpretation of Line 14/71. The density used f o r 

the sediments i s 2.1 g/cm-̂  which represents r e l a t i v e l y unconsolidated 

sediment. I f the sediments were of & (lower density the maximum 

thickness of 0.8 km would be l e s s . There may only be a depression 

i n the basement, f i l l e d with sediment, rather than a major basin. 

Watts (1971) t e n t a t i v e l y suggested the presence of a major sedimentary-

thickness on the continental margin a short distance to the north of 

th i s L ine. 

4 , 5 . 5 Conclusions 

The c r u s t a l structure beneath the Rockall Trough, at about 

58°N, resembles that of a ty p i c a l oceanic area overlain by a large 

thickness of sediment. The evidence suggests that the sediment 

thickness decreases towardar the north fran about 5 km to about 5 km 

and that the Moho depth increases from 11 km to about 19 km. There 

i s evidence that a r i s e i n the basement of about 1 km may be present 

i n the middle of the Trough. This could represent the remains of a 

ridge system along the centre of the Trough. 

4 . 4 . The Banks 

Reconnai?saBce gravity and magnetic p r o f i l e s have been collected 

over George Bligh, B i l l Bailey's and Paeroe Banks. The gravity profiles 

over George Bligh and B i l l Bailey's Banks give an indication of the 

crustal thicknesses whilst the magnetic profiles indicate the nature 

of the upper basement material. 
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4.4.1. Crustal thicknesses 

Line 5/970 (Pig.14) includes, at i t s western end, George B l i ^ 

Bank. The interpretation shows considerable crustal thickening 

beneath the Bank to a maximum of about 25 km. This i s approximately 

equal to the thickness beneath the Hebridean continental shelf but 

i t i s 6 km l e s s than the thickness measured by Scrutton (1970) 

beneath the Rockall Plateau. A crust of continental thickness i s 

therefore indicated beneath the Bank but subsidence may have caused 

thinning of the crust from an i n i t i a l l y greater thickness. The 

r i s e i n the basement from the Trough onto the Bank occurs more grad­

u a l l y than i t does at the margin of the Hebrides shelf. A similar 

si t u a t i o n was found by Scrutton (1971) at the edge of the Rockall 

Plateau although i t was more pronounced i n that area, Scrutton 

correlated the r i s e with the 'Jean Charcot' fracture zone which i s 

recognised on seismic r e f l e c t i o n p r o f i l e s . He suggested that the 

eastern edge of the zone may represent the true oceanic-continental 

c r u s t a l boundary. There i s no indication of a similar zone on the 

r e f l e c t i o n p r o f i l e from Line 5/970 but i t may be obscured beneath 

the sediments. 

Fig . f 7 shows the magnetic and gravity profiles along Line 

2/970 together with a ^ o d e l section. D i f f i c u l t y was experienced i n 

interpreting this l i n e since several unusual features are present. 

A reverse correlation between the gravity and magnetic profiles can 

be c l e a r l y seen although the magnetic p r o f i l e i s displaced s l i g h t l y 

to the southwest. This correlation was investigated using the 

magnetic to gravity transform method. The r e s u l t s are shown i n Fig,18. 

The correlation r a t i o (C.R.) i s good but the value of T, (n/p), i s 

remarkably large. The angle of magnetisation indicates that the 

magnetic material i s reversely magnetised with respect to the 

present Earth's f i e l d . 
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A magnetic interpretation was carried out for the whole 
p r o f i l e using a value f o r J of 0.004 emu which i s probably more 
reasonable than that suggested by the value of T, The interpretation 
of the northeast end of the p r o f i l e i s shown by Pig . 1 7 . I t i s not i n 
agreement with the r e f l e c t i o n p r o f i l e r e s u l t s or with any possible 
gravity interpretation. No sensible interpretation of the southwest 
end of the pro f i l e could be obtained. An impossibly deep basin was 
required to explain the anomaly. The gravity interpretation was c a l ­
culated using the information available from the seismic reflection 
p r o f i l e and assuming that the bottom re f l e c t o r i n the central part 
of the p r o f i l e i s the basement. The d i f f i c u l t i e s i n the interpret­
ation have been explained by the information (D.&. ik)berts - personal 
communication) that a large v e r t i c a l f a u l t runs approximately p a r a l l e l 
to the l i n e of the p r o f i l e . The f a u l t separates a basement block to 
the northwest, which appears to connect the two Banks, from the basin 
of the Eockall Trough to the southe,ast. The basic assumption .in the 
interpretative methods that the structures are two-dimensional i s 
therefore incorrect on t h i s Line and the interpretation has l i t t l e 
meaning. The thickness of the crust beneath the two Banks, a t either 
end of the p r o f i l e , may however be relevant since on the Banks the two-
dimensional assumption may be more nearly correct. The thickness of 
the crust beneath B i l l Bailey's Bank i s s i m i l a r to that beneath 
G-eorge Bli g h Bank. Both Banks may therefore be underlain by crust 
of continental thickness, 

G-ravity p r o f i l e s onto Faeroe Bank are available from Lines 

19/71 and 20/71 (Fig. 1 9 ) . Since the cr u s t a l structure i n the Faeroe 

channel and under the Wyville-Thomson Rise i s not known, no attempt 

has been made to model the margin of the Bajnk, The f r e e - a i r anomaly 

on the Bank i s about 55 mgal which i s approximately equal to that on 
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the other Banks and on the continental she3f. I t i s therefore 

probable that c r u s t a l thickening also occurs beneath Faeroe Bank. 

4 . 4 . 2 . The upper_crustal structure 

The magnetic p r o f i l e s over the three Banks are shown i n 

Pigs. 19 & 20. The pr o f i l e s over George Bligh and B i l l Bailey's 

Banks have anomalies of about 500 gamma amplitude and of similar 

wavelengths ( 5 - 1 0 km). The p r o f i l e over Faeroe Bank can be divided 

into two parts. The middle portion, which comes from the centre of the 

Bank, contains s i m i l a r anomalies to those over the other Banks but 

superimposed on these are short wavelength ( 0 , 5 - 1.0 km) anomalies 

with amplitudes of 100 to 200 gamma, Dobinson (1970) suggested that 

basic l a v a flows and dykes cause these anomalies. The lack of the 

short-wavelength anomalies over G-eorge Bligh and B i l l Bailey's Banks 

cannot be explained by attenuation of short wavelength anomalies 

because of the depth of the Banks since B i l l Bailey's Bank i s at 

almost the same depth as Fae2?oe Bank. The two courses on each Bank 

were approximately orthogonal therefore i t i s unlitelythat short wave­

length anomalies are not seen because the course directions were 

p a r a l l e l to l i n e a r anomalies. The pro f i l e s are similar to those 

over the northern and southern parts of Rockall Bank (Roberts and Jones 

- i n preparation). P r o f i l e s over the northern part of Rockall Bank 

show the short wavelength anomalies found over Faeroe Bank whereas 

p r o f i l e s over the southern part are lacking i n short wavelength 

anomalies. Roberts and Jones suggested that t h i s may be caused by the 

presence of basic igneous rocks i n the north and their absence i n the 

south. I t i s probable that l i t t l e or no magnetic igneous rock i s 

present on B i l l Bailey's and (J-eorge Bligh Banks. Dangeard (1928) 

dredged basalt from B i l l Bailey's Bank. The basalt may have been an 

e r r a t i c or, a l t e r n a t i v e l y , i t may ccanpose only a small part of the 

Bank. Apart from the presence and absence of lavas, the three Banks 

may a l l be composed of s i m i l a r material. 
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F i g u r e 20. Magnetic p r o f i l e s over George B l i g h and B i l l 

B a i l e y ' s Banks. 
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The two Lines on Fawroe Bank, Lines 19/71 and 20/71, both 
crossed a broad positive magnetic anomaly which trends i n an east-
west direction (Dobinson 1970) . Dobinson calculated that the source 
has a width of 10 to 15 km, extends to a depth of at l e a s t 4 km,- and 
has a r e l a t i v e l y large magnetisation contrast with i t s surroundings. 
He considered a granite, on account of the magnetisation contrast, and 
a lava sheet, on account of the high-amplitude, r e l a t i v e l y long wavelength 
magnetic anomaly, to be unlikely sources. A gravity low of about 15 mgal 
i s associated with the anomaly. The gravity p r o f i l e on Line 19/71 has 
been interpreted (Fig,21) assuming a density contrast of -0.16 ̂ cm^. 
The body i s s i m i l a r i n s i z e to Dobinson's model although an alteration 
i n the density contrast could cause a change i n the :Size of the model. 
Any regional effects', as could be caused by changes i n the Moho dept|t, 
would also affect the shape of the model body. Assuming that the top 
of the body i s at the surface of the basement and that Dobinson's sugg­
ested minimum depth of 4 km i s correct, the density contrast must be 
-0,16 g/cm^ or l e s s . -0,16 g/cm:̂  i s a typical value for a granite 
l y i n g i n c r u s t a l material (Bott 1971)• Granites ere found associated 
with the intrusive centres at Arran, Skye and Mull but they have l i t t l e 
e f f e c t on the overall gravity 'highs' (Bott & Tuson - i n press). The 
density of the basalts on the Faeroe Islands varies from 2.82 to 2 .9 
g/crs? (Saxov and Abrahamsen I966) therefore the maximum contrast between 
two b a s a l t sequences i s unlikely to be greater than 0,1 e/c m̂ . This 
density contrast could explain the anomaly but the body would have to 
extend to a depth of 6 to 7 km. No instance.; of basalts causing a 
gravity low has been reported from elsewhere i n the Tertiary igneous 
province, 

4 , 4 , 3 , Conclusions 

Although seismic r e f r a c t i o n r e s u l t s are needed to determine 

whether the Banks are composed of continental crust, the gravity 
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evidence suggests that they are underlain by a typi c a l continental 
c r u s t a l thickness. G-eorge Bligh Bank i s similar to Rockall Bank i n that 
the basement deepens r e l a t i v e l y gradually on i t s eastern side. There i s 
no evidence to suggest that intrusive complexes are present on the Banks. 
Faero^ Bank i s probably covered by basic lavas. A gravity low and an 
east-west trending magnetic anomaly may indicate the presence of either 
a granite or a considerable thickness of lavas on the eastern flank of 
Faeroe Bank. 
4 . 5 . Summary 

G-ravity evidence combined with available refraction l i n e s 

indicates that Rockall Trough has a crustal structure resembling that 

of an oceanic area. I n the central region of the Trough, the Moho 

appears to be at aGdepth of about 11 km and i s overlain by a crust a l 

l a y e r about 5 km thick. The upper part of th i s layer i s probably 

composed of b a s a l t i c material. At the northern end of the Trough, 

gravity and r e f l e c t i o n p r o f i l e s suggest that the surface of the base­

ment r i s e s and the Moho depth increases. Close to the Wyviile-Thomson 

Rise, the c r u s t a l thickness i s estimated to be about I 4 km. To the 

east, the Trough i s flanked by the Scottish continental crust. Rockall 

Plateau flanks much of the western side of the Trough. This i s probably 

a microcontinent. The northwest part of the Trough i s flanked by G^eorge 

Bligh, Lousy and B i l l Bailey's Banks. G-ravity interpretation indicates 

that George Bligh and B i l l Bailey's Banks have continental thicknesses 

and they may also be continental fragments. Lousy Bank has not been 

investigated but i t may be si m i l a r to the other Banks. A basement 

ridge may connect George Bligh and B i l l Bailey's Banks and perhaps also 

Lousy Bank, Sedimentary evidence from r e f l e c t i o n profiles suggests 

that the Banks o r i g i n a l l y formed subaerial features but sank to a lower 
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l e v e l p r i o r to Lower Oligocene times. The Hebridean continental 

shelf appears to have become submerged considerably l a t e r . The 

whole of Rockall Trough has been an area of deposition since well 

before Lower Oligocene times. Previous to that period the overall 

rate of sedimentation i n the north of the Trough was considerably 

l e s s than i n the south. Since the Lower-Middle Oligocene, the 

sedimentation has been affected by deep-sea currents but the rate 

of deposition has been approximately the same throughout the Trough. 

Rosemary Bank and the Anton Dohm Seamount appear to be 

ancient volcanoes. The sedimentary evidence suggests that Rosemary 

Bank i s almost as old as the basement i n the Trough. 
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CHAPTER 5 
The Wyyille-Thomson Rise 

5 , 1, Introduction 

The Wyville-Thomson Rise l i e s between the southeast comer of 

Faeroe Bank and the Scottish continental shelf ( Fig, 2 ) . I t forms a 

continuous bathymetric barrier between 500 and 400 fathoms deep between 

the northeast end of the Rockall T r o u ^ and the southwest end of the 

Faeroe-Shetland channel. The Rise creates a ba r r i e r for the southward 

flowing deep-sea currents. 

Lines 1 2 / 7 1 , 1 5 / 7 1 , 1 7^21, 30/70 and 18/71 a l l cross the Rise per­

pendicularly. The respective p r o f i l e s are shown i n F i g s . 22 , 23, 24, 25 

and 26. The r e f l e c t i o n p r o f i l e s show that the Rise i s made up of two major 

basement ridges masked by sediments. The northeasterly ridge i s seen on 

a l l the p r o f i l e s and i t i s clear from the detailed bathymetric map 

(Deutches Hydrographischen I n s t i t u t 1972) that i t i s continuous from Faeroe 

Bank to the continental shelf. The southwesterly ridge i s seen d i s t i n c t l y 

on Lines 30/70 and 17+21 (Figs. 25 & 24) but, on Line 18/71 (Fig.2 6 ) , two 

smaller features are seen i n i t s place. On Bine 15/71 (Fig . 2 3 ) where there 

was l i t t l e penetration of the sediments by the seismic energy sotirce, the 

southwesterly ridge i s not seen but i t has a small gravimetric expression. 

On Line 12/71 (Fig,22) there i s no evidence of a southwesterly ridge. The 

pr o f i l e s also show that the basement ridge forming a southeasterly extension 

to the Faeroe Plateau (Fig.2 ) can be traced to within 40 km of the Scottish 

continental margin. 

5 . 2 . The sediments 

5 , 2 . 1 . Thickness.es 

To the southwest of the Rise, the sediments i n the Rockall Trough 

are probably between 2 and 3 km thick (Section 4 . 2 . 1 . ) . On Line 30/70, 
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F i g u r e 22. P r o f i l e s on L i n e 1 ^ 7 1 . 



F i g u r e 23. P r o f i l e s on L i n e 15/71. 
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F i g u r e 2i^. P r o f i l e s on L i n e 17+21. 
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F i g u r e 25. P r o f i l e s on L i n e 30/70. 



F i g u r e 26. P r o f i l e s on L i n e 18/71. 
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between Rosemary Bank and the Rise, a r e f l e c t o r r i s e s towards the north 

from a maximum depth of 2 seconds two-way time beneath the seabed. I t can 

be seen, marked 'B', at a depth of 1,6 seconds at the southwest end of 

Fig.2 5 . Assuming an average sediment v e l o c i t y of 2,1 kni/s, i t i s at a 

depth of between 1,6 and 2,1 km. Although the r e f l e c t o r can not be traced 

to e i t her Rosemary Bank or to the Rise, i t s depth i s similar to that 

estimated f o r the basement and i t may be a basement reflection. The 

seismic r e f l e c t i o n p r o f i l e on Line 5/970 ( F i g . l l ) , which passed along 

the southwest side of the Rise, shows that the termination of the south­

westerly basement ridge at a distance of about 50 km from the continental 

shelf allows the normal Rockall Itough sedimentation pattem to extend into 

an embayment on the southwest flank of the Rise. The area of normal sedi­

mentation shows c l e a r l y on the bathymetric map as a smooth, deep region 

( F i g . 2 ) , The wide-angle r e f l e c t i o n station, WAR5 (Appendix C, F i g . l l ) , 

showed a thickness of 1i.73 km of sediment with an average veloc i t y of 

2,13 kn/s i n the area. The r e f l e c t i o n p r o f i l e indicates that the deepest 

r e f l e c t i o n recorded by the station i s underlain by ©ore sediments. 

Further northwest on Line 5/970, the sedimentation pattern i s disturbed. 

A d i s t i n c i i i r r e g u l a r , but continuous, r e f l e c t o r can be seen along most of 

the Line. This i s marked 'B' on F i g . l l and i s equivalent to 'B' on Line 

30/70 (Fig, 2 5 ) . Several short, i n d i s t i n c t r e f l e c t o r s are seen beneath t h i s 

r e f l e c t o r which suggests that i t i s not a basement refl e c t i o n . The r e f ­

l e c t o r can also be seen on Line 17+21 (Fig.2 4 ). I t appears to be continuous 

with the basement of the Rise on t h i s p r o f i l e . The reflections beneath i t 

on Line 5/970 may therefore not be r e a l . Alternatively, the r e f l e c t o r may 

have sediments beneath i t and yet appear to be continuous with the basement 

beneath the Rise on Line 17+21. Although the seabed i s r e l a t i v e l y f l a t 

to the southwest of the Rise^ the basement appears to shallow gently from 

the south and forms a series of troughs and ridges adjacent to the Rise. 
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To the northeast of the Rise l i e s the junction of the Paeroe-

Shetland channel and the Paeroe Bank channel. The profiles on Lines 

30/70 and 17+21 (Pigs 25 & 24) both show a basement re f l e c t i o n recognisable 

by tracing i t from the Paeroe Plateau. The re f l e c t i o n on Line 30/7O i s at 

a depth of I . 5 seconds of two-way time or about 1.6 km beneath the seabed-

and 2,5 km beneath sealevel assuming an average sediment velocity of 2,1 kn/s, 

The maximum depth of the r e f l e c t o r on Line 17+21 i s 0.5 seconds or about 

0.55 km beneath the seabed and 1.65 km beneath sealevel. The maximxim 

water depth on Lines 15/7'' and 12/71 i s about 1.2 km but no estimate of 

the sediment thickness can be made from the r e f l e c t i o n profiles since 

there was l i t t l e or no penetration of the seabed. 

Although Line I8 /71 does not cross the deepest part of the Paeroe 

Bank channel (Pig. 6 ) , i t shows that at l e a s t 1,2 seconds (about 1.3 km) of 

sediment i s present i n the channel at the northeast end of the pro f i l e 

( Pig. 2 ^ ) . There i s probably considerably more sediment present i n the 

centre of t h i s part of the channel. I n the Paeroe Bank channel, Bott and 

Stacey (I 967) suggested that up to 1 km of sediment i s present beneath a 

water depth of 0.8 km. 

The water depth i n the trough increases from 0.8 km i n the Paeroe 

Bank channel to 1.2 km i n the southwestern end of the Paeroe-Shetland 

Channel. The sediment thickness increases from about 1 km i n the Paeroe 

Bank channel to a maxim\im of 1.6 km beneath Line 30/70 and then probably 

decreases towards the junction with the Paeroe-Shetland channel. 

A magnetic p r o f i l e along the centre of the Paeroe-Shetland channel. 

Line IO/7O ( P i g . 6 ) , has been used to estimate the depth of the magnetic 

basement using the power spectral analysis method at about 61°20'N, 4°W, 

The r e s u l t s estimate that the basement i s at a depth of about 3.5 km below 

sealevel, T ^ thickness of the sediment i s therefore estimated to be 

about 2.3 km. The northeastern end of Line 12/71 (Pig.22) crosses the 

basement ridge which extends to the southeast from the Paeroe Plateau. 
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Bathymetric data (D^utches Hydrographischen I n s t i t u t 1972) shows that 

the Line crosses close to the southeast end of the ridge. Although 

l i t t l e penetration was obtained on the r e f l e c t i o n p r o f i l e (Fig . 2 2 ) , i t 

i s probable that at l e a s t 0.5 km of sediment has accumulated to the 

northeast of the ridge. The bathymetric map indicates that a thickening 

of the sediment has also occurred i n the centre of the channel adjacent 

to the end of the ridge. The sediments i n the Faeroe-Shetland channel 

thin towards the southwest end of the channel from a thickness of about 

2.3 km. The thinning i s caused by a r i s e i n the basement rather than a 

f a l l i n the seabed. 

On the major, northeasterly ridge of the Wyville-Thomson Rise, no 

sediment i s seen on any of the r e f l e c t i o n p r o f i l e s . Lines 17+21 and 30/70 

(Pigs. 24, 25 & 29) show, however, that over at l e a s t part of the south­

westerly ridge there i s between 0.25 and 0.5 km of sediment assuming a 

sediment v e l o c i t y of 2 .1 kn/s. Between the ridges, the sediment thickness 

appears to be controlled by the heights of the ridges. The trough between 

the ridges i s f i l l e d i n by sediments up to about 1.5 km thick (Pigs. 24, 

25, 27 & 2 8 ) . 

5 . 2 . 2 , The r e f l e c t i n g horizons and the ages of the sediments 

The sediments on the southwest side of the Wyville-Thomson Rise can 

be divided into two d i s t i n c t s e r i e s . Thestratigraphically lower series 

drapes the side of the southwesterly basement ridge. This can be seen on 

Lines 17+21 and 30/70 (Pigs. 24, 25 & 2 9 ) . The sediments appear to have 

been deposited from the top of the ridge onto the sloping basement floor. 

The slope of the basement i s about 1 i n 10. They are similar to the 

sediments found draping the sides of the Banks lying to the west of 

Rockall Trough (Section 4 . 2 . 2 . ) . The upper series i s composed of r e l ­

a t i v e l y f l a t - l y i n g sediments t y p i c a l of the Rockall Trough which have 

been deposited by turbidity currents below r e f l e c t o r 'R' and mder the 

influence of deep-sea currents above r e f l e c t o r 'R' (Jones et a l . 1970). 
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F i g u r e 2 ? . Seismic r e f l e c t i o n record on the northeast ridge 

of the Wyville-Thomson R i s e * 10 min markers h o r i z o n t a l l y . 

100 m sec markers v e r t i c a l l y . 



F i g u r e 28. Seismic r e f l e c t i o n record between the r i d g e s of 

the Wyvilie-Thomson R i s e from L i n e 17+21. 

10 min markers h o r i z o n t a l l y . 100 m sec markerB v e r t i c a l l y . 





F i g u r e 29. Seismic r e f l e c t i o n record on the southwest ridge 

of the Wyville-Thomson R i s e from L i n e 17+21. 

10 min markers h o r i z o n t a l l y . lOO m sec markers v e r t i c a l l y . 
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F i g u r e 30. Seismic r e f l e c t i o n record to the southwest of 

the Wyville-Thomson R i s e from Line 17+21. 

IO min markers h o r i z o n t a l l y . 1OO m sec markers h o r i z o n t a l l y . 
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Reflector 'R' can be recognised on Line 17+21 by the series of small 

cuspate r e f l e c t o r s (Figs 24, 29 & 30) at the usual depth of about 0.5 

secpnds and on Line 30/70 by inference from i t s depth. The re f l e c t o r 

can be c l e a r l y seen on Line 17+21 overstepping the lower series of 

sediments. The lower se r i e s must therefore have been deposited before 

the Lower-Middle Oligocene, The scoured trough and small associated 

sediment ridge lying along the foot of the southwesterly ridge (Figs, 24 

& 29) i n d i c a t e ^ the presence of seafloor currents flowing along the side 

of the ridge. 

Between the Faeroe Plateau and the Wyville-Thomson Rise, the sed­

imentary layering i s not d i s t i n c t i v e . Most of the sediments are r e l a t i v e l y 

transparent on Line 17+21 (Fig, 2 4 ) . There are two or three reflectors 

l y i n g p a r a l l e l and adjacent to the sloping basement of the Faeroe Plateau 

which may represent a thin layer of beds similar to the lower series on 

the southwest flank of the Rise. I n general, the beds i n the bottom of 

the channel appear to have been deposited concurrently with the beds 

ly i n g on the sides of the channel. Two seri e s of differing ages cannot 

be distinguished as they can on the southwest flank of the Wyville-

Thomson Rise. The lack of horizontal bedding i n the bottom of the channel 

may be caused by the presence of strdngsgurrents preventing the deposition 

of sediments i n a similar manner to the deposition i n the Rockall Trough. 

The sediments may have been deposited by a process of slumping from the 

sides of the channel combined with continuous but gentle erosion by the 

water currents. The overstepping relationship of the seabed to the l a y ­

ering i n the sediments on Lines 17+ 21 (Figs 24 & 26) shows thB.t(^^r^ ' 
erosion has occurred on the surface of the sediments since they were 

deposited. An i n d i s t i n c t r e f l e c t i n g horizon on Line 30/70 (Fig.25) at 

a depth of about 0.5 seconds may be contemporary with r e f l e c t o r 'R' i n 

the Rockall Trough but th i s cannot be de f i n i t e l y shown from the present 

information. The ages of the sediments between the Faeroe Plateau and 
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the Wyville-Thomson Rise are not known. 

The structure of the sediments lyi n g between the two basement 

ridges of the Wyville-Thomson Rise i s most c l e a r l y seen on the r e f ­

l e c t i o n p r o f i l e from Line 17+21 (Pigs 24, 27 & 28). The lower series 

of sediments l y i n g on the southwest flank of the southwesterly ridge 

appears to be continuous with the sediments l y i n g on top of the southwesterly 

ridge of the Rise. On top of the basement ridge they show no layering. 

The relationship of these sediments to the sediments l y i n g between the 

ridges i s not clear but they may have been deposited contemporaneously 

with a lower series of r e l a t i v e l y transparent sediments. Alternatively 

they may be conten$)oraneous with a l l the sediments lyi n g between the 

ridges. The lower, transparent sediments between the ridges vary in 

thickness from 0 to 0.5 seconds of two-way time. This i s equivalent to 

0 to about 0.53 km assuming an average v e l o c i t y of 2 .1 kn/s. 

The overlying sediments are also up to about 0.5 km thick and 

conttain a well-developed layering throughout most of their thickness 

(Pig.28). The lowest layering i s made up of a series of short cuspate 

r e f l e c t o r s . These form a horizon similar to that of refle c t o r 'R' i n 

the Rockall Trough. Reflector 'R' also overlies a series of transparent 

sediments therefore i t i s possible that r e f l e c t o r 'R' i s present i n the 

upper sediments lyi n g within the Wyville-Thomson Rise. The evidence 

cannot be considered to be conclusive. The layering i n the upper sediments 

i s not horizontal p a r t i c u l a r l y on the southwestern side of a minor basement 

r i s e near the centre of the basin (Pigs. 24 & 28). The individual beds 

thin and turn up towards the surface over the r i s e . This effect i s 

probably caused by the sediments being deposited by ocean-floor currents 

which passed over and round the minor basement r i s e when i t formed a 

bathymetric feature on the old seabed. The apparent direction of the 

currents that deposited the beds i s probably northeast to southwest but 

the true direction cannot be predicted from a single p r o f i l e . This 
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evidence of current action i n the nature of the upper beds supports 

the the.pry that r e f l e c t o r 'R' i s present beneath them. The present 

seabed i s r e l a t i v e l y f l a t and i s therefore unconformable, on a small 

scale, with the bedding beneath. Some erosion of the uppermost beds 

has occurred over most of the basin. At the northeast side of the basin, 

adjacent to the northeasterly basement ridge, a broad scoured channel 

about 75 deep with an associated small sediment ridge (Fig.27) 

indicates the existence at present of a current flowing longitudinally 

along the side of the basement ridge. The scoured channel i s not present 

i n the underlying beds. The present current regime was therefore not i n 

existence when the sediments were deposited. The scour and ridge effect 

i s also seen on Lines 18 / 7 1 , 30/70 and 15/71 (Figs, 26, 25 & 23) i n a 

sim i l a r position along the southivestern side of the northeasterly base­

ment ridge. Although only one basement ridge i s present on Line 12 /71 , 

the same current effect can again be seen (Fig,2 2 ) . The evidence may 

indicate that a current system flows along the southwestern side of the 

northeasterly basement ridge for almost the f u l l length of the Rise. 

5 . 3 . The c r u s t a l structure beneath the Wyville-Thomson Rise 

Two major basement ridges form the Wyville-Thomson Rise. The 

ridge forming the southeasterly extension to the Faeroe Plateau i s both 

p a r a l l e l to the Rise and, at i t s southeastern end, i s similar i n size and 

extent to the ridges of the Rise. This Faeroe ridge i s considered here 

vdth the other ridges since i t i s possible that a l l three ridges have a 

sim i l a r or connected origin. 

5 . 3 . 1 . The upper crust 

The magnetic profiles are shown i n F i g s . 22,23,24,25 & 26. The 

anomalies over the southeastern Faeroe ridge are p r i n c i p a l l y of about 

400 gamma amplitude with a wavelength of 5 to 10 km. Superimposed on 

these are anomalies of 50 to 100 gamma amplitude with wavelengths of 

about 1 km. The anomalies are s i m i l a r to those over the Faeroe Plateau 

and the Faeroe Bank. The short wavelength anomalies may be caused by 
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b a s a l t i c material i n the form of dykes or perhaps plateau lavas as has 

been postulated on Paeroe Bank and Paeroe Plateauj-.(Section 4 . 2 . 2 ) , 

Over the northeasterly ridge of the Wyville-Thomson Rise, the 

magnetic anomalies are s i m i l a r to those over the Paeroe ridge except 

f o r the absence of the short wavelength anomalies. This absence could 

be caused by the absence of the source material or the greater depth of 

the ridge. The second hypothesis has been tested on Line 17+21 by 

upward continuing the anomalies over the Paeroe ridge by 0.5 km(Fig . 3 l ) . 

The r e s u l t i n g anomalies are s i m i l a r to those measured over the Wyville-

Thomson Rise (Pig.24). I t i s therefore possible that the two north­

e a s t e r l y ridges have s i m i l a r compositions. 

Refraction Line E12, of Ewing and Ewing ( 1 9 5 9)(Fig . 1) traversed 

the southwestern side of the central ridge. I t was located to the south­

east of the south east e r l y l i m i t of the southwesterly basement ridge. 

Since there was a change i n water depth of about 0.73 km along the l i n e 

and no knowledge of the sediment thicknesses was^ available, the results 

are l a r g e l y unreliable. The velocity of the basement layer was measured 

to be 4.91 kn/s. Since the l i n e was reversed, t h i s velocity should be 

accurate. The possible rock types applicable to this v e l o c i t y are con­

sidered i n Section 4 . 2 . 1. For s i m i l a r reasons to those applied to the 

basement of the Rockall Trough, the material i n t h i s case i s probably 

b a s a l t i c . 

The magnetic p r o f i l e s over the trough between the Paeroe ridge and 

the Wyville-Thomson Rise show a magnetic anomaly of between 400 and 700 

gamma associated with the trough. On Lines 17+21 and 30/70 (Pigs 24 & 

25) t h i s anomaly i s r e s t r i c t e d to the southwestern side of the trough. 

No basement feattu?e i s present on the r e f l e c t i o n profiles which could 

explain the change i n the anomaly over the centre of the trough. A 

l a t e r a l change i n the magnetic properties of the basement i n the 

trough must occur beneath these two p r o f i l e s . The r e l a t i v e increase 

i n the magnetic anomaly over the trough and decrease over the 

ridges has been investigated using the magnetic to gravity transform 
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F i g u r e 31. The e f f e c t of upward continuation on the 

magnetic p r o f i l e over the sout h e a s t e r l y ridge of 

the Faeroe P l a t e a u , 

fi/ O r i g i n a l p r o f i l e . 

h/ P r o f i l e upward continued by 0.5 km. 
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method. Over the Faeroe ridge, the profiles on Line I 5 / 7 I were 
used since the magnetic pr o f i l e on that Line shows the general trend 
of the anomaly most c l e a r l y (Fig.2 3 ) . The re s u l t s are shown i n Pig. 
32b. The correlation r a t i o i s good and the value of T indicates that 
the magnetisation contrast at the ridge i s approximately 0.007 emu 
assuming an average density contrast, of about 1.5 g/cm^. These are 
reasonable values f o r b a s a l t i c material. The magnetisation vector i s 
reversed with respect to the present Earth's f i e l d . This indicates that 
the igneous material was extruded and cooled during a period of reversed 
magnetisation. The correlation between the anomalies over the north­
eastern ridge of the Wyville-Thomson Rise was investigated on Lines 
15/71, 17+21 and 18 /71, The r e s u l t s (Pigs, 33a, 34 and 32a) are l e s s 
conclusive than those over the Faeroe ridge but a similar magnetisation 
contrast i s indicated and the maj^etisation vector probably l i e s i n an 
approximately reversed direction. The profiles on Line I 2 / 7 I (Fig,22) 
were also studied. No s i g n i f i c a n t correlation between the calculated 
and observed gravity p r o f i l e s e x i s t s for any magnetisation vector. 
This indicates that the magnetic anomaly i s not entirely caused by the 
basement ridge. A model body was calculated (Fig.35) using the magnetic 
p r o f i l e and assuming that the magnetisation of the body i s e n t i r e l y 
indjiced. The calculated magnetic basement ridge i s not i n the position 
indicated by the gravity p r o f i l e or by the r e f l e c t i o n p r o f i l e , A l a t e r a l 
change i n the magnetisation of the basement i s indicated. The position 
of the change, on the northeast side of the ridge, agrees well with that 
already postulated on Lines 30/70 and 17+21, 

The southwesterly basement ridge of the Wyville-Thomson Rise has 

a coveriiig-gof 'sediment about 0.5 kni thick on Line 17+21 and about 200 m 

thick on Line 30/7O (Figs. 24,25 & 29) . The basement i s at a depth of 

about 1 km which i s approximately 400 m deeper than the northeasterly 

ridge. On Line 17+21, the magnetic anomalies over the ridge have a 

r e l a t i v e l y long wavelength and amplitudes of about 100 gamma. These 
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anomalies are not s i g n i f i c a n t l y d i f f e r e n t from the anomalies over 

the basin between the ridges of the Rise. A power spectral analysis 

of the anomalies over the basin indicates that the magnetic basement 

i s at a depth of 0.7 to 0,8 km. This l e v e l is only s l i g h t l y below 

the seabed and i s well above the acoustic basement. A magnetic 

equivalent layer was calculated at t h i s depth. The magnetisation 

of the blocks forming the layer varies between 0.0001 and 0.0002 emi/cm^. 

This value i s high f o r sedimentary material andindicates that a high 

proportion of magnetic minerals i s present. Tuffs and a few sandstones 

have been found with magnetisation values as high as these values 

(Nagata I961). Since heavy minerals are unlikely to be transported 

over long distances the provenance of the sediments i n the basin i s 

probably nealjby. The erosion of the basaltic material on the basement 

ridges or on Faeroe Bank may produce sediment, with s u f f i c i e n t l y high 

magnetisation. I f the material has a volcanic source, t h i s w i l l indicate 

that there was volcanic a c t i v i t y i n the area shortly before the time of 

deposition. The lack of a magnetic basement at a shallow level i n the 

sediments i n the Rockall Trough adjacent to the Wyville-Thomson Rise may 

indicate that the sediments i n the Rise are considerably older than the 

upper sediments i n the Trough. On Line 30/70 (Fig.25), where the sed­

iment covering the ridge i s thinner, the ridge has a magnetic expression 

but i t i s smaller than that over the northeasterly ridge. This may be 

caused by the depth of the ridge or by masfeiiig sediments. Since the 

r e f l e c t i o n p r o f i l e s show a continuotis basement r e f l e c t i o n between the 

two basement ridges of the Rise and the two ridges are similar i n cross-

sectional shape, they are probably composed of similar material. 

To the southwest of the Rise, on Line 17+21, a magnetic anomaly 

of about 400 gamma amplitude and 20 km wavelength correlates with a 

fr e e - a i r gravity anomaly high of 80 mgal and a basement rise beneath 
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the overlying flat-bedded sediments (Pig . 24) . This feature i s also 
crossed by Line 5/970 (Fig . 1 l ) . Since these two Lines are orthogonal, 
the feature must be approximately ci r c u l a r i n areal extent. I t i s 
probably an intrusive complex and i s considered i n Section 5.3.3. A 
similar basement r i s e occurs i n a similar position on Line 30/70 
(Fig.25). A negative magnetic anomaly of about 300 gamma amplitude 
can be correlated vfith the r i s e but no gravity data i s available from 
this Line. The feature i s also recognisable on Line 5/970 (Fig . 1 l ) . 
No major gravity anomaly i s associated with i t . There i s no obvious 
explanation f o r the feature. I t may be a rise i n the normal basement 
material. The relationships of the overlying beds to the two basement 
features are d i s t i n c t l y d i f f e r e n t . The reflectors wedge out against 
the probable intrusive complex whereas they r i s e up and over the other 
feature. The former relationship indicates that the complex was present 
before the beds were deposited. The l a t t e r relationship suggests that 
the basement has risen since the beds were deposited. This explanation 
i s unlikely since there i s no evidence of basement movement as late 
as the Oligocene elsewhere on the Wyville-Thomson Rise. A current 
regime, which would be unusual f o r the period, may have caused the 
relationship but the p o s s i b i l i t y of post-reflector 'R' movement 
cannot be discarded. 
5.3.2. The deep crustal structure 

Apart from Line E12 of Ewing and Eiving (1559), which had r e l -

g a t i v e l y l i t t l e penetration, and the as yet loninterpreted. North 

A t l a n t i c Seismic Project l i n e s , no refractio n lines have been carried 

out i n the area. Int e r p r e t a t i o n of the deep crustal structure i s 

therefore e n t i r e l y dependent on gravity data. The gravity p r o f i l e s 

on Line 17+21 and 12/71 have been interpreted (Pigs. 35 & 36). The 

densities used are basically the same as those used i n the Rockall 

Trough i n t e r p r e t a t i o n (Section 4.3.4). The sediments are assumed to 

have a density of 2.1 g/cm-̂  above a depth of about 1 km and a density 
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of 2.25 g/cm^ below t h i s depth. The crxistal layer on Line 17+21 
has a density of 2.85 g/cm^ throughout. On Line 12 /71, the crust 
i s divided in t o an upper layer with a density of 2.85 g/cm̂  and 
a lower layer v/ith a density of 2.9 g/cm̂ . This refinement i s 
probably unwarranted on such an approximate model. 

The depth of the basement on Line 17+21 was calculated frcaa 

the r e f l e c t i o n p r o f i l e except at the south-..estem end where the prev­

iously estimated value at the northeastern end of the Rockall Trough 

was used. On Line 12 /71, the basement depth was estimated from the 

r e f l e c t i o n p r o f i l e , the magnetic interpretation and the calculated 

probable depths i n the troughs on either side of the basement ridge. 

The gravity high at the southwestern end of Line 17+21 i s considered 

i n Section 5.3•3. The depth of the Moho on both Lines was fixed at 

17 to 18 km i n the Rockall Trough. The possible errors i n the den­

s i t i e s and basement depths l i m i t the significance of the details of the 

model but the basic trends are probably correct. 

The models indicate that ' . crustal thickening of 7 to 10 km 

occurs beneath the Wyville-Thomson Rise and beneath the southeasterly 

extension of the Paeroe Plateau. The depth of the Moho beneath these 

ridges i s approximately 25 km. Beneath the trough between the Paeroe 

extension and the Rise, the Moho rises to a depth of between I5 and 18 km. 

The gravity p r o f i l e on Line 11/71, which crosses the eastern margin 

of the Paeroe-Shetland channel, has also been interpreted (Pig.37). The 

thickness of sediment i n the channel wag. assumed to be about 3 km as 

calculated from the magnetic p r o f i l e on Line IO/7O. The Moho depth 

beneath the channel agrees well with that calculated on Line I 2 / 7 1 . 

(The sedimentary basins, shown on the interpretation l y i n g on the contin­

ental shelf, have been described by Watts (1971) . ) . 

According to the gravity interpretation the depth of the Moho 

increases t o the northeast i n the Rockall Trough to about I8km. 

Beneath the basement ridges of the l/yville-Thomson Rise and the 
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southeastern Faeroe Plateau, there i s a rapid increase i n the depth 

to about 25 km. To the northeast of the ridges, the depth decreases 

t o about 16 km i n the Faeroe-Shetland channel. 

5.3.3. The intrusive complex at 59°40'N. 8°40'W 

The complex i s recognisable by a rise i n the basement of about 

400 m, a f r e e - a i r g r a v i t y high of 82 mgal peak value above a regional 

of about 30 mgal and a magnetic anomaly of about 400 gamma amplitude 

(Fig.24) . A three-dimensional interpretation of the gravity anomaly 

(Fig,38) , assuming a density contrast of 0,25 g/cm^, indicates that 

an approximately c y l i n d r i c a l body wi t h i t s base at a depth of about 

14 km and a diameter of about 25 km i s present. The assumed regional 

is that indicated by the two-dimensional interpretation of Line 17+21 

(Fig.36) . The density contrast of the body with the country rock i s 

representative of a mixture of basic and ultrabasic material l y i n g w i t h i n 

the crust (Section 6 ,3 ,1 ) . Since l i t t l e i s known of the geology of the 

region, there may be a considerable error i n the assumed density con­

trast!!, A change i n the contrast would a l t e r the depth of the base of 

the model. 

The correlation of the magnetic and gravity p r o f i l e s over the 

body has been investigated using the magnetic to gravity transform 

method. The results (Fig,33b) are not conclusive. This i s probably 

because the body i s not a two-dimensional feature and the method i s not 

therefore f u l l y v a l i d . The correlation r a t i o i s not good but the 

results indicate that the intrusive body is reversely magnetised 

with respect to the present Earth's f i e l d . 

Since the r e f l e c t o r s , which include r e f l e c t o r 'R', i n the surr­

ounding sediments wedge out against the basement ri s e (Sections 5.2.1 

and 5 , 3 . 1 , Figs. 24 & 30) , the complex i s older than most of the 

sediments i n the Rockall Trough. I t i s therefore more l i k e l y to be 

of similar age to the intrusive complex of Rosemary Bank rather than 



— = observed 
X X ^calculated 

mgal 

km 10 

20"-

I90 km 200 210 220 230 

L I N E 17+21 

F i g u r e 38. 3-D g r a v i t y i n t e r p r e t a t i o n over i n t r u s i v e 

complex on L i n e 17+21. 



74. 

to the complexes found i n Scotland and on the continental shelf. 

The intrusive complex has a diameter of about 25 km and i t s 

base i s at a depth of approximately 14 km. I t is reversely magnet­

ised and i s pre-Lower Oligocene i n age. I t may be as old as the 

basement of the Rockall Trough. 

5.4. Conclusions 

Three basement ridges with a northwest to southeast trend 

extend from Paeroe Bank and Paeroe Plateau towards the Scottish con­

t i n e n t a l shelf. The two ridges to the southwest form the Y/yville-

Thomson Rise. The southwestemmost ridge i s variable i n cross-section 

and extends from Paeroe Bank to w i t h i n 50 km of the continental shelf. 

The middle ridge i s more uniform and i s continuous from Paeroe Bank to 

the continental shelf. The northeastern r i d ^ forms a gradually deep­

ening, southeasterly extension t o the Paeroe Plateau and terminates about 

40 km from the continental shelf. Magnetic data shows that a l l three 

ridges are probably, at least p a r t i a l l y , composed of basaltic material, 

much of which was ejfctruded during a period of reversed magnetisation. 

G-ravity evidence indicates that crustal thickening of 7 to 10 km occurs 

beneath the ridges. The Moho depth either side of the Wyville-Thomson 

Rise and i n the Paeroe-Shetland channel i s between 16 and 20 km. 

Two series of sediments can be recognised to the southwest of 

the Rise on the r e f l e c t i o n p r o f i l e s . The lower series drapes the sides 

of and overlies the southwesterly ridge and i s similar to the lower 

series found on George Bligh and B i l l Bailey's Banks. The upper series 

i s composed of f l a t - l y i n g sedimentary layers t y p i c a l of the Rockall 

Trough. The presence of r e f l e c t o r 'R' i n these sediments shows that 

the ridges of the Wyville-Thomson Rise are at least as old as the Lower 

Oligocene and may be as old as the oceanic crust of the Rockall Trough. 

Between the ridges of the Y/yville-Thornson Rise, strong currents have 

affected the l a t e r sedimentation. There i s evidence that magnetic 

material i s present i n the upper layers of the sediments between the 
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ridges. This may indicate that volcanic a c t i v i t y took place shortly 
before the sediments were deposited and that the sediments have a 
r e l a t i v e l y l o c a l provenance. To the northeast of the Wyville-Thomson 
Rise, strong deep-sea currents have probably i n l i i b i t e d the deposition 
of horizontally-i»edded sediments. The process of sedimentation has 
probably involved sedimentation by slumping from the adjacent ridges 
combined with erosion by the deep-sea currents. Reflector 'R' may 
be present to the northeast of the Rise indicating that deposition 
has occurred since, at the l a t e s t . Lower Oligocene times. 

An intrusive complex l i e s on the southwest flank of the Wyville-

Thomson Rise. I t has a diameter of about 25 km and a probable depth of 

about 14 km. The complex i s reversely magnetised and was formed previous 

to the Lower Oligocene and perhaps at a similar time to the basement of 

the Rockall Trough and the Wyville-Thomson Rise, 

The intrusive complex on the southwest flank of the Wyville-

Thomson Rise may have a similar o r i g i n to Rosemary Bank and the Anton Dohm 

Seamount. A l l three centres may be associated with the opening of the 

Rockall Trough, The r e f l e c t i o n p r o f i l e evidence suggests that the 

northerly centre i s of similar age to the basement ridges across the 

northeastern side of the Rockall Trough. The ridges may therefore 

have been formed simultaneously with or shortly a f t e r the opening of 

the Rockall Trough, 

The lowest series of sediments on the southwest flank of the 

Wyville-Thomson Rise appe§.rs to be older than much of the sediment i n 

the Rockall Trough. The v a r i a t i o n i n thickness and the type of bedding 

of the sediments suggests that they had a nearby provenance. This may 

have been the Faeroe Bank or even the Wyville-Thomson Rise i t s e l f . The 

sediments may be Lower Tertiary or Cretaceous i n age. The high mag­

netisation of the sediments i n the v i c i n i t y of the southwesterly ridge 

on Line 17+21 could be related to the nearby intrusive centre. This 
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would imply that they are of similar age. This hypothesis i s supp­
orted by the apparent absence of magnetic sediments i n the upper 
sedimentary layers i n the Rockall Trough. 

The current deposited sediments l y i n g between the ridges of 

the Wyville-Thomson Rise may be considerably younger than the prev­

iously mentioned series of sediments. They may only form the upper 

part of the i n f i l l of sediments i n the Wyville-Thomson Rise. This 

could explain the apparent c o n f l i c t between the ages of the sediments 

on the Rise. 
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CHAPTER 6a 

The Hebridean continental margino 

6,1. I n t r o duct ioHr, 

Before I97O the Hebridean continental shelf had received l i t t l e 

a t tention. The I.G.S. aeromagnetic sunrey of G-reat B r i t a i n (l.G-.S. 

1968) covered part of the shelf adjacent to the land and a narrow s t r i p 

extending out t o St. Kilda. A seismic r e f l e c t i o n p r o f i l e across the 

shelf and margin has been reported by Stride et a l . (I969). Geological 

investigations have been carried out on St. Kilda (Cockbum 1935) and on 

the Plannan Isles (Stewart 1933). The Plannan Isles are composed of horn-

blende gneiss with many veins of pegmatite. This probably belongs to the 

Laxfordian part of the Lewisian ccanplex. The discovery of Mesozoic and 

Palaeozoic sediment-filled basins on the shelf further north (Pig , 3 , 

Bott and Watts 1970, Browitt 1972) increased the interest i n the Heb­

ridean shelf since i t appeared possible that similar basins would be 

present. McQuillin and Binns (197S) described an assymmetrical basin 

beneath the Sea of the Hebrides, containing New Red Sandstone and more 

recent rocks, bounded on the west by the Minch Fault. Using gravity 

evidence they postulated a similar north-south basin bounded by a f a u l t 

on i t s eastern margin t o the southwest of the Outer Hebrides (Fig . 4 2 ) , 

Beneath the continental slope. Stride et'al . ( l969) described a 

sequence of sediments showing an i l l - d e f i n e d , discontinuous bedding, 

which they c l a s s i f i e d as being of Palaeozoic aspect. This i s overlain 

by up to 135 m of sediments showing clearly defined bedding. The over­

l y i n g beds are probably Tertiary to Quaternary i n age. 

The investigated part of the continental shelf o f f northwest 

Scotland i s underlain by a basement composed of Lewisian material with 

some Torridonian Sandstone. Sediment-filled basins are present i n places. 

They contain Mesozoic and perhaps Palaeozoic sediments. No Tertiary 



78. 

sediments have been found on the shelf. Draped over the continental 

slope are Tertiary, Mesozoic and probably Palaeozoic sediments. Ter­

t i a r y plateau lavas cover some of the shelf and igneous centres of the 

same age are also present, 

6,2. Description of the data 

The f r e e - a i r anomaly map (Pig .39) and the Bouguer anomaly map 

(Pig .40) have been drawn using observations along the lines shown. The 

Bouguer map has been t i e d into gravity data supplied by the I n s t i t u t e of 

G-eological Sciences i n the northern and southern areas and on the Outer 

Hebrides, A density of 2,84 g/cm^ has been used f o r the Bouguer red­

uction. This may be s l i g h t l y too high but errors introduced by t h i s 

over the shelf area w i l l not exceed 2 mgal. 

Magnetic measurements were obtained f o r a l l lines (Fig . 4 l ) , The 

bathjrmetric data, which i s available from most l i n e s , has been of use 

i n recognising basement outcrops and small sediment-filled troughs. 

Seismic r e f l e c t i o n p r o f i l e s are available from most of the lines (Pig,42) 

but poor resolution was obtained when the airgun energy source was i n 

use. 

6.2,1. Lines 1/970 and 27/71 (the southern area) 

The gravil y readings along Line 1/970 (Fig.43) show a constant 

Bouguer anomaly of about 55 nigal on the shelf. There i s no indication 

of the gravity low found by McQuillin and Binns (1973) south of 57°N. 

The l e v e l of the anomaly along the Line i s i n agreement with that found 

along the margins of t h i s gravity low. I t therefore appears that tiiere 

i s no extension northwards of the gravity low or the associated sedi­

mentary basin. This conclusion i s substantiated by the bathymetric and 

sparker p r o f i l e s which show that the rough seabed occurring near the 

Island of Barra continues to the west to about 8°5' W beyond where i t 

becomes progressively covered by a t h i n layer of sediment (Pigs 44 & 45). 

F l i n n (1973) associated t h i s type of 'spiky' bathymetry north of the 
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Hebrides with seafloor formed either of c r y s t a l l i n e rock or Old Red 

Sandstone. Along Line 1/970, i t probably represents a seaward extension 

of the Lewisian basement of Barra. To the east, the sediment l i e s i n 

pockets among the basement i r r g g u l a r i t i e s but, further west, i t beccmes 

t h i c k enough to mask the i r r e g u l a r i t i e s and form a smooth seabed (Fig .45), 

The furth e s t west that the basement can be clearly seen on the sparker 

records i s at about 8°40' W (Fig.42). The eastern end of the magnetic 

p r o f i l e along the aame l i n e shows short wavelength anomalies of about 

500 gamma peak to peak amplitude (Pig ,43) . These can be correlated with 

similar anomalies shown on the aeromagnetic map (l.&.S. 1968, Fig,46) 

which have a NNW-3SE trend and cover much of South Uist and the adjoining 

region to the west. 

On the land, the trends of the anomalies do not correlate with the 

Laxfordian F^ f o l d trends which dominate the large-scale structural 

pattern of the Outer Hebrides (Coward et a l , 1970, Fig,42) except i n 

r e l a t i v e l y r e s t r i c t e d areas where the correlation may be for t u i t o u s . 

The anomalies do, however, have a similar trend to the Tertiary dykes 

(Jehu and Craig 1923). 

The central part of the magnetic p r o f i l e varies from a r e l a t i v e l y 

quiet region, w i t h only small anomalies (less than 100 gamma), t o regions 

with r e l a t i v e l y long wavelength anomalies of about 400 gamma amplitude. 

There i s no obvious correlation between the magnetic regimes and the 

topography of the underlying basement. The anomalies over the central 

part of the p r o f i l e are thus probably caused by l a t e r a l variations of 

magnetization withi n the Lewisian but the trend of the Tertiary dykes 

may have some influence at the eastern end of the p r o f i l e . The magnetic 

p r o f i l e on Line 27/7I (Fig , 4 l ) shows a continuation of these magnetic 

anomalies as f a r north as 57°50' N at 8°35' W, 



Figure kk. Seismic r e f l e c t i o n record from L i n e 1/970 

showing the i r r e g u l a r basement on the Hebridean s h e l f . 

10 min markers h o r i z o n t a l l y . 0.5 sec f u l l s c a l e v e r t i c a l l y . 
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F i g u r e US. Seismic r e f l e c t i o n record from L i n e l/970 showing 

the sediment covered i r r e g u l a r basement on the Hebridean 

s h e l f . lO min markers h o r i z , lOO m sec markers v e r t . 
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F i g u r e I4.6. Aeromagnetic map of part of the southern Hebridean 

region. 

Z : NUW-SSE trending anomalies found on L i n e l/970. 
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6.2.2. Lines 3/970. 22t/71. 25/71 and 26/71 (central area^ 

The gravity map over t h i s area i s dominated by two large gravity 

•highs' (Pigs. 39 & ifO). One of these has a f r e e - a i r anomaly peak of 

about 135 mgal above a regional value of about 55 mgal and i s caused 

by the St. Kilda intrusive complex. The other high l i e s over the con­

t i n e n t a l slope to the northwest of St. Kilda. I t has a free- a i r anomaly 

peak value of about I30 mgal over a regional value of about 30 mgal. 

This i s probably also caused by an intrusive complex. The two anomalies 

are interpreted i n Section 6.3. 

The bathymetric and sparker p r o f i l e s on the Lines (Pigs. 42 & 48) 

show that most of the central area i s underlain by a rough basement 

simi l a r t o that found f u r t h e r south. The probable western extent of 

the basement, mrked on Fig.42, has been estimated from the sparker and 

a i r gun p r o f i l e s . The position correlates well with that found by Stride 

et a l . (1969) on t h e i r r e f l e c t i o n p r o f i l e . The sedimentary cover i s 

either t h i n (less than 100m) or absent over most of the area. Even on 

a regional scale the basement i s not f l a t . Ridges, which can be seen 

i n the bathymetry (Pig,48), are present. These r i s e t o depths of 

about 60 m whereas the troughs, which are p a r t i a l l y sediment f i l l e d , have 

depths of about 90 - 100m. The basement f l o o r beneath one of the troughs 

i s l o s t on the sparker p r o f i l e (near the east end of Line 24/71, Pigs. 42 

& 48). The gravity on t h i s part of the Line i s not available because of 

equipment f a i l u r e . A sedimentary trough of appreciable depth may 

underlie t h i s part of the shelf. The aeromagnetic map (l.&.S. 1968, 

Pig.47) Hhows that the trough l i e s at the southwestern end of an area 

of r e l a t i v e l y low (less than 100 gamma) magnetic anomalies which may 

be associated with a major sedimentary basin. This i s discussed i n 

Section 6.2.3. 

To the west of t h i s trough, on.s:Line 24/71, a ri s e i n the seabed 

of about 40 m to a depth of 60 m i s associated with a rough part of the 
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F i g u r e l+7» Aeromagnetic map of part of the northern 

Hebridean region. 
A : Area of low magnetic anomalies. 
B : Magnetic anomalies a s s o c i a t e d with postulated basement 

ridg e . 
C : High magnetic anomalies found on L i n e 2k/7^, 

D : South H a r r i s L e w i s i a n igneous complex. 
E : High anomalies over p o s t u l a t e d sedimentary basin. 
F : Flannan I s l e s . G : NWE-SSW trending anomalies. 
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seabed and large magnetic anomalies of about 2,500 gamma peak to peak 

amplitude (Fig,48). The correlation of the magnetic einomalies with 

the basement ri s e i s similar to that found above the St. Kilda intrusive 

complex. The bathymetric r i s e i s , however, shown by the Admiralty chart 

(Fig.49) t o have a northeast t o southwest trend which i s not compatible 

with an igneous intrusive centre since these are usually r a d i a l l y 

symmetric (Bott and Tuson 1973, McQuillin et al , 1973) . The gravity 

p r o f i l e here i s unreliable, since engine trouble caused alterations i n 

t h ^ ship's speed which affects the Eotvb's correction, but a careful 

study of the records indicates that there i s no large gravity anomaly 

associated with the feature. The magnetic anomalies are unlike the 

anomalies over the St. Kilda complex i n that they are largely positive 

instead of being both positive and negative. The anomalies are more 

similar, i n t h i s respect, to the South Harris magnetic anomaly (Fig ,47) 

which i s caused by the meta-gabbros of the Lewisian igneous complex 

(Westbrook - i n press, Powell 1970). The aeromagnetic map (l.&.S. I968) 

shows that the anomalies are a series of approximately circular magnetic 

highs with l i t t l e d i r ectional trend. The feature i s unlikely to be a 

f u r t h e r intrusive centre and i s probably a basement r i s e . The bathymetry 

of the area shows that i t may be connected with a similar r i s e forming the 

Plannan Isles (Fig . 4 9 ). This p o s s i b i l i t y i s further considered i n 

Section 6 .2.3, 

To the west of the basement high, on Line 24^71, but to the east of 

the break i n slope, a gravity low of about 10 mgal i s present (Fig , 4 9 ) . 

The a i r gun r e f l e c t i o n p r o f i l e i s i n d i s t i n c t i n t h i s region and the 

basement cannot be seen beneath the overlying sediment. A sedimentary 

basin may be present but the depth of i t i s unlikely to exceed about 

0.75 km. 

The magnetic p r o f i l e s on the other lines i n the central area show 

mainly medium Miplitude (about 200 gamma) anomalies with wavelengths 
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F i g u r e 1+8. P r o f i l e s on L i n e 2V71 from the Hebridean 

s h e l f and margin. 
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F i g u r e U9» Bathymetry of part of the Hebridean s h e l f , 

(taken from the Admiralty c h a r t ) . 
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of about 5 km which are probably caused by an underlying Lewisian 

basement. 

6.2.3. Lines lit/71 . 5/970. 6/970 and 7/970 (the northern area) 

An elongated, northeast to southwest trending, gravity low l i e s 

to the west of Lewis (Figs. 39 & 40), This l i e s over a depression i n 

the seabed which Eden et a l , (1971) suggested may be underlain by a 

Mesozoic basin. The southwestern l i m i t of the low i s not defined but 

the admiralty chart (Fig ,49) shov/s that the depression i n the seabed 

continuffls to the southwest as f a r as the depression near the eastern 

end of Line 22̂ 71 (Fig , 4 § ) . To the west of the postulated basin, 

basement outcrops appear through the sediments on Lines 6/970 and 7/970 

(Fig ,Jf2) , A basement ridge probably connects these outcrops and the 

outcrops of the Flannan I s l e s . The bathymetry indicates that the ridge 

may be continuous with that found to the west of the sedimentary trough 

on Line 2 /̂71 (Figs. 48 & 49). Magnetic anomalies of greater than 1000 

gamma peak to peak amplitude occur over the ridge on Line 6/970 (Fig . 50 ) . 

These are similar i n wavelength and amplitude to those over the ridge 

on Line 24/71. The aeromagnetic map (Fig,47, I.G-.S.1968) shoT/s anomalies 

of about 150 gamma peak to peak amplitude running p a r a l l e l to the ridge 

except at the northeast and southwest ends. The Flannan Isles consist 

of "^H^^^ende-gneiss alternating with veins of pegmatite (Stewart 1933). 

They are presumably Lewisian i n age and the whole of the basement ridge 

i s probably compfsed of similar material. No indication as to the age 

of the sediments i n the postulated basin can be drawn from the present 

data. By analogy with similar basins on the shelf further north 

(Watts 1971), the suggestion of Eden et al , ( l 9 7 l ) that they are Mesozoic 

i s reasonable. There may also be some Palaeozoic sediments present as 

^@b§%n ^ ^ f ^ a t e d i n one of the northerly basins (Browitt 1972). The 

gra v i t y p r o f i l e on Line 7/970 has been used to estimate the depth of the 

basin ( F i g . 5 l ) . The Line only crosses one side of the basin and may not 



NW 
SOOOOr 

gamma 
LINE 
5/970 

4 9 0 0 0 
2 0 0 

lOOr 

SE 

mgal -

SOOOOr 

gamma 

4 9 0 0 0 

LINE 6/970 
lOOr 

3 0 0 

5 0 0 0 0 

gamma 

4 9 0 0 0 

LINE 
7/970 

lOOr 
mgal -

NW 

lOO 

SE 

F i g u r e 50. P r o f i l e s on L i n e s 5/970, 6/970 and 7/970 from 

the Hebridean s h e l f . 



Z 'O 

£ E 
o 

CD 6 6 
© 

o 

E o 

6 6 

o 
CN 

o 
E 

E 

O 

LU 

F i g u r e 51. G r a v i t y i n t e r p r e t a t i o n of part of L i n e 7/970 

on the Hebridean margin. 



83. 

have reached the gravity minimTim. The estimates of the depth for the 

two density contrasts used, 0 .4 and 0.6 g/cm^, are therefore minimum 

estimates. The calculated depths are 1.6 and 1.1 km respectively. 

The regional anomaly was assumed to be equal to the anomaly over the 

basement ridge. The overall gradient of the contact between the basement 

and the sediment i s about 1 i n 5 which indicated that i t may be composed 

of a se r i e s of normal f a u l t s . The aeromagnetic map (Pig , 4 7 ) shows a loss 

of any d i s t i n c t i v e trend i n the anomalies and a f a l l i n the amplitudes 

to about 50 gamma between the ridge and most of the basin. This substan­

t i a t e s the theory that the magnetic'^'basement drops down to a greater depth. 

Over the northeast end of the basin, where the gravity indicates a r i s e i n 

the basement, dominantly negative magnetic anomalies of up to 600 gamma 

amplitude cross the basin with a d i s t i n c t i v e north-northwest to south-

southeast trend. These are a continuation i n trend of similar anomalies 

on Lewis (Pig . 4 7 ) but they are of greater amplitude than those on the 

land. Over Lewis there i s no correlation between the dominant struc-

t\ir a l trends and the magnetic anomalies (Figs. 47 & 4 2 ) . The magnetic 

anomalies are, however, p a r a l l e l to the Tertiary dykes found in the area 

(Jehu and Craig 1923). The anomalies over Lewis are therefore probably 

not related to l a t e r a l changes i n the magnetic properties of the Lewisian 

but to the T e r t i a r y basic i n t r u s i v e s . Since the magnitude of the anom­

a l i e s increases over a postulated deepening of the basement, changes i n 

the magnetic properties of the basement are an even ©ore unlikely 

explanation of the anomalies; T e r t i a r y igneous rock i s probably present 

i n the sedimentary basin. The increase i n the intensity of the anomalies 

over the basin could be caused by the presence of plateau Mvas i n 

the basin whereas only dykes are present on Lewis. The plateau lavas 

may have, a t one time, covered the land but have since been eroded. 

T e r t i a r y lavas, with a similar magnetic expression, are present southwest 

of Skye covering part of the Sea of the Hebrides T r o u ^ which i s another 

Mesozoic basin (McQuillin and Binns 1973) . 
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To the northwest of the Plannan I s l e s , a second gravity low i s 

seen on Line 7/970 ( P i g . 5 l ) . The aeromagnetic map shows a narrow 

area of r e l a t i v e l y low-amplitude anomalies similar to those over the 

previous gravity low running from t h i s point to the south-southwest 

for a distance of about 25 km. . Another basin may underlie this area 

but more gravity data i s required to confirm t h i s . The interpretation 

on Line 7/970 indicates that about 0.5 km of sediment are present. 

On Line ^h/l'^, a gravity anomaly of about 20 mgal above a reg­

ional of about 60 mgal correlates well with a r i s e i n the seabed of 

about 40 m at 58°4-7' N, 6°33'W, The feature has a bumpy surface and 

the >ddmiralty chart shows i t to be approximately c i r c u l a r (Fig.W). 

Short wavelength magnetic anomalies are present above the feature. These 

c h a r a c t e r i s t i c s may be indicative of another intrusive centre. This i s 

considered i n Section 6 . 3 , 3 . 

Over the remainder of the shelf west of the Outer Hebrides, 

the gravity appears to be f a i r l y constant apart from near the contin­

ental margin where regional effects caused by major changes i n crustal 

thickness are present. The aeromagnetic map over the area (l.&.S. I 968 , 

Fig,47) i s dominated by anomalies of up to 500 gamma peak to peak ampli­

tude which are si m i l a r i n both trend and wavelength to those over the 

Lewisian of I s l a y , C o l l and Tiree, the area southeast of Barra and Min-

gulay and a small area 6k km north of Cape Wrath (Powell 1970) . The 

trend i n these areas may be partly related to basement r e l i e f and 

part l y to l a t e r a l changes of magnetisation i n the basement. The orien­

t a t i o n of the trend suggests that a Caledonian control has had some 

influence. A sim i l a r s i t u a t i o n may exi s t i n the present area although 

the increased distance from the Caledonian front makes th i s unlikely. 

Although seismic p r o f i l i n g was carried out along Lines 5/970, 

6/970 and 7/970 an a i r gun energy source was being used and there i s 

a l a c k of resolution on the p r o f i l e s . The l i n e marking the basement 
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edge on Pig , 4 2 passes through the positions on the profiles where a 
thickness of sediment can f i r s t be recognised. Magnetic power spectrum 
analysis on Lines 5/970, 6/97O and 7/970 indicates that the magnetic 
basement l i e s at a depth beneath the seabed of between 0.6 and 1.2 km. 
The bathymetric p r o f i l e s show no basement outcrops over a l l t h i s area. 
The area appears to consist of a Lewisian basement covered by sediment 
of up to s l i g h t l y over one kilometre i n thickness, 
6 , 3 . The intrusive centres. 
6 . 3 , 1 . The St. K i l d a intrusive complex 

The position and extend of the St. Kilda intrusive complex, i n 

an east-west direction, i s c l e a r l y defined by the gravity, magnetic and 

bathymetric p r o f i l e s along Line 3/970 (Fig . 5 2 ). The admiralty bath­

ymetric chart of the area (Fig.49) shows that the intrusion i s approx­

imately c i r c u l a r at the surface and, as suggested by Cockbum (1935), 

has i t s centre between St. Kilda and the adjacent island Boreray. Line 

3/970 passes between these two islands and therefore probably crosses 

quite close to the centre of the intrusive area. The profile shows that 

the magnetic anomalies associated with the complex e^end beyond the 

gravity anomaly to the west. 

An interpretation of the gravity anomaly over the St. Kilda complex, 

assuming a two-dimensional body, has been carried out ( F i g . 1 4 ) . The 

density contrast between the intrusives and the country rock was taken 

to be 0.25 g/cm-̂  above 8 km depth and 0.2 ^cm^ below this depth. This 

contrast was estimated using the following information. Bott et a l . ( l 9 7 2 ) 

determined the densities of the biotite-gneiss and the pyroxene-granulite, 

found i n the Lewisian of northwest Sutherland, both by experiment, using 

a small number of surface samples, and by calculation which involved 

considering the weight percentages of the various major oxides i n the 

samples. The experimentally determined values were 2.689 + 0,016 g/cm^ 

and 2 ,764 + 0.021 g/cm:̂  respectively but they considered that these 
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F i g u r e 52. P r o f i l e s on L i n e 3/970 from the Hebridean s h e l f . 
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were probably inaccurate because of the small number of samples used. 

The calculated estimates were 2.69 g/cm^ and 2.80 g/cm^. The exact 

nature of the country rock surrounding the complex i s not known but i t 

has been shown (Section 6 . 2 . 3 . ) that the Lewisian probably extends to 

the continental margin. The country rock density i s therefore l i k e l y 

to be between 2.69 and 2.80 g/cm-̂ . 

Although the majority of the surface of the intrusive complex i s 

under water, outcrops occur on St. Kil d a and the adjacent islands 

(Cockbum 1935) . The main intrusive body on St. Kilda, which i s also 

the oldest, i s composed of olivine-eucrite. More acid gabbros, some of 

which are almost olivine-free, are also common. These often have a high 

iron-oxide content which increases t h e i r densities. Dolerites and 

basalts, both o l i v i n e - r i c h and olivine-free, occur i n sheets. G-rano-

phjnres, l y i n g i n pockets within the eucrites, form the l a t e s t intrusions 

apart from some basalt dykes and cone sheets. The re l a t i v e abundance of 

magnetite i n most of the rock types explains the high magnetic anomalies 

measured over the complex. 

The average density of f i v e specimens; of the olivine-eucrite i s 

about 2.92 g/cm^ but the more acid v a r i e t i e s have densities between 

2.92 and 3*04 g/cm"̂  because of t h e i r higher iron oxide content (Cockbum 

1 935). Ultra-basic segregations of augite and magnetite up to f i v e 

feet i n diameter and being 30^ to 40^ magnetite have densities as high 

as 3,71 g/cm^. The various dolerites have average densities between 

2.86 and 2.93 g/cm^. The density of the granophyre bodies on St. K i l d a 

i s f a i r l y constant and l i e s between 2.57 and 2.60.':̂ cm-'. The great 

v a r i a t i o n i n the densities of the rocks and th e i r unknown r e l a t i v e 

abundance makes an estimation of the overall density rather d i f f i c u l t . 

The major unknown i s the quantity of granophyre present. The average 

density, apart from the granophyre, i s probably between 2.92 and 3 .0 g/cm^. 
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An assumed average of about 2.96 g/cm-̂  agrees well with the mean density 

of the Skye basicimtrusive rocks calculated e3q)erimentally and theoret­

i c a l l y to be 2.95 g/cm'̂  (Bott and Tuson - i n press). Apart from the 

small segregations i n the eucrite there appears to be no outcrop of 

ultra-ba s i c material i n the complex. Since ultra-basics are commonly 

found i n the other Tertigry complexes on the mainland (Stewart I 9 6 5 ) , 

t h i s absence i s probably due to t h e i r non-exposure i n the ccanplex rather 

than t h e i r absence. Bott and Tuson ( i n press) estimated an average value 

of 3.20 g/cm^ for the ultra-basics on Skye and Rhum frcsa. various measured 

values. 

Since the rock types underlying the profile are unknown, no 

attempt has been made i n the interpretation to represent any le s s dense 

acid rocks i n the model. This may affect the calculated shape and depth 

of the intrusion s l i g h t l y . The lack of any information as to the re l a t i v e 

abundance of basic and iil t r a - b a s i c material has made i t necessary to 

adopt a uniform density contrast with the country rock. I f the assumed 

contrast i s too low the calculated depth to the base of the body w i l l be 

too large, whereas, i f i t i s too high the depth w i l l be too small. 

The depth of the base of the body, i n the two-dimensional i n t e r ­

pretation, i s 11 km. A three-dimensional interpretation i s shown i n 

Fi g , 5 3 . This was carried out using the method described i n Section 

3,2.(1)1 and i t was assumed that the p r o f i l e crossed the centre of the 

body. A density contrast of 0,25 g/crs? was used. The base of the body 

i s , i n t h i s case, at 21,5 km depth. This i s s l i g h t l y deeper than the 

values calculated by Bott and Tuson (1973) for the Skye and Mull 

intrusions but i t i s l e s s than the value calculated for the BlackstoneO 

igneous centre (McQuillin et al , 1 9 7 3 ) . The magnetic anomaly over the 

intrusion i s complicated both on the profile and on the aeromagnetic 

map. A quantitative interpretation has not been attempted but the 

aeromagnetic map shows that the anomalies are mainly negative. This 
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indicates that the intrusive rock i s largely reversely magnetised with 

respect to the Earth's present magnetic f i e l d which i s a similar s i t ­

uation to that described for Rosemary Bank (Scrutton 1 9 7 1 ) . The Skye 

Te r t i a r y lavas and the Blackstonep igneous centre are also reversely 

magnetised (Wilson et a l . 1 9 7 2 , McQuillin et a l . 1 9 7 3 ) . The large 

magnetic anomalies to the west of the intrusion may indicate that there 

i s an area of intrusive or extrusive basic rock associated with the 

major intrusion. 

The St. Kilda intrusive complex appears to be similar to the Skye 

and Mull centres both i n size and magnetic properties. I t extends to 

a depth close to the base of the crust as does the Blackstonej^!? centre. 

There i s some evidence that a dyke swarm or plateau lavas may be assoc­

iated with the centre as there i s with the other centres i n northwest 

Scotland, The age of the intrusives ranges from about 60 to 35 m y r 

(Miller and Mohr I 9 6 5 ) which indicates that they are part of the 

Te r t i a r y igneous province which i s dated at about 60 m jrr (Miller and 

Brown I 9 6 5 ) . There i s therefore good evidence that the St. Kilda intrusive 

complex i s another t y p i c a l centre belonging to the Tertiary igneous prov­

ince. 

6 , 3 . 2 . The intrusive complex at 5 8 ° 2 0 ' N. 9°15 'Wt . 

This centre i s recognised by the gravity 'high', with a f r e e - a i r 

peak of about I 3 0 mgal, and the magnetic 'low' of about 6OO gamma on 

Line 24 /? ' ' (Pig , 4 8 ). The anomalies l i e over the continental slope where 

the d|pth of water increases from 150 m to 1 .9 km. The intrusive rock 

may also be recognisable on the r e f l e c t i o n p r o f i l e (Section 4 . 1 . 2 . ) , 

A gravity interpretation of the centre i s shown in Fig. 5 3 . The 

selection of a suitable regional gravity f i e l d i s complicated by the 

presence of sediments draping the continental margin and̂  the probable 

r i s e of the Moho beneath the crust. The increase i n depth of the water 
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and the gradient of the slope are similar to those beneath Line 1/970 

therefore the gravity anomaly, measured over the margin on that Line, 

has been used as a basis for the regional f i e l d on Line 22)/71 (Fig.2^8). 

This gave the anomaly a maximum value of 106 mgal above the regional. 

No geological information on the composition of the rocks forming the 

isentre i s available. A density contrast of 0.25 g/cm-̂  was assumed i n i t ­

i a l l y but i t was not possible to reproduce an anomaly of su f f i c i e n t 

amplitude and with s u f f i c i e n t l y steep gradients. A density contrast of 

0.35 g/cm"̂  was therefore used. Assuming a country rock density of 2.80 

g/cvr' the average density of the intrusives was therefore assumed to be 

3.15 g/cm^. This i s equivalent to a mixture of 80^ ultrabasics and 2C^ 

basics assumiiig^average densities of the two as calculated by Bott and 

Tuson ( i n press) of 3.20 g/cm^ and 2.95 g/cm^ respectively. 

The calculated model i s a v e r t i c a l cylinder of 22 km diameter with 

a small cylinder of diameter 6 km on top.cj^ The main cylinder has i t s 

base at a depth of 22 km, which i s near the base of the crusty and i t s 

top at a depth of 4 .5 km. Although the gravity f i t i s not par t i c u l a r l y 

•good and variations i n the density and shape of the model are possible, 

the base of the model must be at approximately t h i s depth since such a 

high density contrast has been used i n the present model. 

The magnetic anomalies over the body are dominantly negative and 

the i n t r u s i v e rock i s therefore reversely magnetised. 

6 . 3 . 3 . The intrusive complex at 58°47'N. 6°33'W 

A gravity anomaly of 22 mgal above a f r e e - a i r regional of 50 mgal 

and magnetic anomalies of up to 1200 gamma peak to peak amplitude are 

present on Line lV7'l over t h i s centre (Figs. 41 & 1 5 ) . The bathymetry 

r i s e s from a smooth sediment-covered bottom at a depth of about 1 20 m to a 

rough bottom at 100 m depth. The Admiralty chart (Fig,49) shows an 

approximately c i r c u l a r shallow area with a minimum depth of about 45 m. 

Line 14/71 not cross the feature centrally therefore the measured 
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gravity anomaly i s probably not the maximum over the complex. A two-

dimensional interpretation of the gravity anomaly (Fig . 1 5 ) shows a body, 

with a density contrast of 0.25 g/cm^, of about 5 km width extending 

down to a depth of 5 km. These dimensions are minima since the profile 

was probably offset from the centre of the body. .,A three-dimensional 

interpretation would increase t h i s depth by one or two kilometres. The 

body i s therefore probably smaller than the St. Kilda intrusive complex 

and may be of sim i l a r s i z e to the Ardnamurchan complex (Bott and Tuson 

1973) , The magnetic anomaly over the body i s almost entirely negative 

indicating that the intrusive rocks are reversely magnetised with respect 

to the present Earth's f i e l d . 

6 . 4 . Summary 

Magnetic evidence indicates that the southern Hebridean continental 

margin i s probably underlain by Lewisian basement. Gravity and r e f l e c ­

tion p r o f i l e evidence shows that there i s no continuation, north of 57°N, 

of the Outer Hebrides Basin. Gravity profiles indicate that west of Lewis 

and Harris a Lewisian basement ridge l y i n g i n a north-northeast to south-

southwest direction and including the Flannan I s l e s , i s flanked on i t s 

eastern side by a fault-bounded basin. The basin i s between 1.0 and 1.7 km 

deep and probably contains Mesozoic and perhaps Palaeozoic sediments. To 

the west of the Lewisian ridge a shallower basin may be present. The 

underlying basement i s probably Lewisian with variable magnetic properties. 

G-ravity and magnetic evidence shows that three basic and ultrabasic 

centres are present under the shelf and the margin. The St. Kilda centre 

i s T e r t i a r y i n age and gravity interpretation indicates that i t extends to 

a depth of about 21 km, the exact value depending on the proportions of 

basics and ultrabasics present. Beneath the continental slope to the 

northwest of St. Kilda another centre probably extends to a s l i g h t l y 

greater depth and has a density v/hich indicates that ultrabasics are 

present i n greater abundance than basic rocks. 
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CHAPTER 7 
SUMMARY AND DISCUSSION 

7 . 1. Introduction 

The present knowledge of the structure of the northeast margin of 

the A t l a n t i c i s summarised i n the f i r s t part of t h i s chapter. Possible 

dates for the various major events i n the region are then considered 

and f i n a l l y brought together to give a suggested history for the region. 

7 . 2 . The west Scottish continental shelf 

7 . 2 . 1 . The basement and sedimentary basins 

Magnetic and seismic p r o f i l i n g evidence indicates that the contin­

ental s h e l f west of the Outer Hebrides i s largely underlain by Lewisian 

basement (Chapter 6) i n common with most of the previously investigated 

continental shelf off northwest Scotland (Watts 1971, F l i n n I969, McQuillin 

and Binns 1973) . G-ravity interpretation indicates that a sedimentary basin 

about 1.5 km deep and probably with fault-bounded margins i s present between 

Lewis and the Flannan I s l e s (Fig,5 4 , Section 6 . 2 , 3 ) . The southwestern 

l i m i t of the basin i s not defined by the gravity profiles but the bathy-

metiy may be indicative of the extent of the basin. The basin has a 

Caledonian trend as do the other fault-bounded basins elsewhere on the shelf 

(Watts 1971, McQuillin and Binns 1975, Smythe et a l . 1972) . There i s no 

direc t evidence of the age of the sediments i n the basin but, by analogy 

with the other sh e l f basins, they are probably Mesozoio and Palaeozoic i n 

age. Bathymetric and gravity evidence indicates that the Flannan I s l e s 

l i e on a north-northeast to south-southwest tlrending basement ridge (Fig,54) 

which i s flanked to the east by the basin already described and to the west 

by a smaller, shallower basin which gravity interpretation indicates i s 

about 0 ,5 km deep. The remainder of the shelf to the north and northwest 

of t h i s westerly basin probably has a r e l a t i v e l y t h i n cover of sediments 

which may be Tertiary-Quaternary i n age. The basement of the continental 
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shelf between 57°48'N and 57°N i s almost devoid of sedimentary cover 
from the Outer Hebrides to about 8°20' W. West of this longitude the 
basement i s covered by a th i n l a y e r of sediment which gradually thickens 
towards the continental margin (Section 6 .2.1) , 

The continental s h e l f west of the Outer Hebrides i s therefore 

s i m i l a r to the re s t of the continental shelf to the northwest of Scotland. 

7.2.2. T e r t i a r y vulcanism on the shelf 

G-eological, gravitational and magnetic evidence indicates that the 

Te r t i a r y igneous a c t i v i t y i n the B r i t i s h I s l e s extended to the mrgin and 

slope of the Scottish continental shelf. Three intrusive canplexES west and 

northwest of the Outer Hebrides have been investigated. These l i e beneath 

St. K i l d a , beneath the continental slope northwest of St. Kilda (58°20'N, 

9°15'W) and beneath the she l f 40 km north-northwest of the Butt of Lewis 

(50°47'N, 6°33'W)(Fig ,54). A l l three conplexes are similar i n size to 

the complexes described elsewhere i n northwest Scotland and on the contin­

ental s h e l f (Bott and Tuson 1973, McQuillin et al,1973) and a l l exhibit 

reversed remanent magnetisation i n common with the other Tertiary complexes 

and lavas (McQuillin et al ,1973, Wilson et al ,1972) . There i s magnetic 

evidence that b a s a l t i c plateau lavas and perhaps dykes cover and l i e i n the 

northeastern part of the sedimentary basin between the Flannan I s l e s and the 

Outer Hebrides (Section 6 .2.5) . 

A l l t h i s T e r tiary igneous a c t i v i t y l i e s i n the broad l i n e a r region 

over which similar a c t i v i t y has previously been found in B r i t a i n and on the 

B r i t i s h continental s h e l f (Fig.54) . 

7.3. The Rockall Trough 

Although no seismic refraction experiment has conclusively deter­

mined the Moho depth beneath the Rockall Trough, the gravity, magnetic and 

seismic r e f l e c t i o n interpretation shows that the Trough i s probably \xnder-

l a i n by standard oceanic crust from about 58°N to i t s southern extremity 

(Section 4.3, Scrutton 1971). To the north of t h i s latitude, 

gravity interpretation indicates that the crust gradually becomes thicker 
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(Section 4 .3) , This thickening may be connected with the ccraplicated 
Paeroe-Wyville-Thomson Rise region. The central and southern part of 
the Rockall Trough i s flanked to the west by the raicrocontinent of 
Rockall (Scrutton 1971) and to the east by the B r i t i s h continental 
shelf. This part of the Trough appears to be a narrow but noimal 
oceanic area. I f t h i s i s correct, i t has presumably been formed by 
oceanic spreading from a mid-oceanic ridge as suggested by Vine (1966) 
and implied by Bullard et a l . (1965). I n common with most oceanic areas 
i n the world, magnetic reversal lineations may be expected i n the Trough 
and perhaps also the remaneints of a mid-oceanic ridge. The magnetic 
p r o f i l e s across the Trough (Section 4.3, Roberts 1971) show that no 
lineations of the t y p i c a l oceanic amplitude of about 500 gamma are 
present. An absence of magnetic lineations has also been found on both 
sides of the southern North At l a n t i c (King, Zeitz and Dempsey t96l, Heir-
t z l e r and Hayes 1967). Several explanations for t h i s absence have been 
suggested and discussed.. ( H e i r t z l e r and Hayes 1 967, King, Zeitz and 
Dempsey I 9 6 I , Drake et a l . I968, Punnell and Smith I968, Taylor et a l , 
1968). The only explanation which appears possible i n the l i g h t of 
present knowledge i s either that the quiet zone represents a period of 
ocean f l o o r spreading when there were no reversals of the Earth's magnetic 
f i e l d ( H e i r t z l e r and Hayes I967).. or that the North Atlantic was never 
closed to the extent suggested by the continental f i t of Bullard et a l . 
(1965) (Drake et a l . I 968 ) . Since i t i s now almost certain that oceanic 
crust i s present beneath the quiet zones and since there i s no great 
change i n sediment thickness and no structural expression at the edges 
of the quiet zones (Windisch, Ewing and Bryan I965) , whiSh might be 
expected i f the adjacent parts of the oceanic crust had been formed at 
widely separated times, the fomier explanation i s the most probable. 
Possible ages for the oceanic crust are considered l a t e r . 
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The gravity interpretation (Section 4.3.4) indicates that the 

surface of the oceanic crust i n the centre of the Rockall Trou^, at 

about 58°N, may be about 1 km higher than i t i s near the sides of the 

Trough. A ridge system with a half-vddth of about 65 km may therefore 

be present down the centre of the Trough. However, recent work by 

Haigh (1973) suggests that, for a normal lithospheric thickness, the 

elevation of an oceanic ridge would sink to 1 km only about 25 m yr 

a f t e r the cessation of spreading. Spreading probably ceased i n the 

Rockall Trough over 200 m yr ago (Section 7.7.2) therefore there i s un­

l i k e l y to be any expression of a ridge l e f t today. 

Sediment thicknesses i n the Rockall Trough range from about 5 km 

i n the south and central parts to about 3 km i n the northern part next 

to the Wyville-Thomson Rise (Section 4 .2.1) . A change i n the sedimen­

tati o n pattern took place shortly before r e f l e c t o r 'R' was deposited i n 

Middle-Lower Oligocene times (jones et a l . 1970). The lower series of 

sediments was probably deposited by tiirb i d i t y currents whereas the upper 

se r i e s was deposited under the influence of deep-sea currents which 

formed sedimentary ridges. Reflection p r o f i l e s show that subaerial 

erosion on the western banks and the subsequent deposition of sediments 

on the western margin of the Trough ceased before Oligocene times whereas, 

on the eastern margin, deposition from the continental margin continued 

u n t i l f a i r l y recently (Section 4 .2.2) . This indicates that the western 

Baiiks subsided more quickly than the Scottish continental margin assuming 

that they were o r i g i n a l l y at s i m i l a r l e v e l s . 

7,4. The western Banks 

Recent sampling by d r i l l i n g of s o l i d outcrops i n two l o c a l i t i e s 

on Rockall Bank (Roberts et a l . 1973) has confirmed the previous theory, 

which was based on geophysical evidence, that the Bank i s ccanposed of 

continental material. Petrographic and radiometric dating evidence has 

shown that the sampled material i s s i m i l a r to the Lewisian basement 
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found on the Outer Hebrides and the Scottish mainland. The whole of 

the Rockall Plateau i s therefore probably a microcontinent. 

To the north and northeast of Rockall Plateau l i e the r e l a t i v e l y 

shallow areas of George Bligh, Lousy, B i l l Bailey's and Faeroe Bank and 

the Faeroe Plateau (Fig,2 ) . Gravity interpretation over the northwest 

(Bott et a l , 1971) and the southeast (Bott and Watts 1971) margins of 

the Faeroe Plateau and the inclusion of the Plateau i n the pre-North 

At l a n t i c f i t of the continents of Bott and Watts (1971) indicate that 

the Paeroe Plateau i s also a continental fragment. The pre-North Atlantic 

f i t of the continents of Bott and Watts (1971) (Fig.55) also shows that, i f 

Rockall Plateau and Faeroe Plateau are correctly f i t t e d against the Green­

land continental margin, there i s a gap between the Plateaus into which 

the four Banks can be f i t t e d . This may imply that the Banks are also 

continental fragments. Gravity interpretation has shown (Section 4«4,l) 

that George Bligh, B i l l Bailey's and Faeroe Banks probably have crustal 

thicknesses of about 26 km. This r e s u l t supports the theory that they 

are continental and i t i s reasonable to assume that Lousy Bank, which 

has not been investigated, i s s i m i l a r to the others. The gravity 

evidence indicates that the Banks do not have dense igneous plugs beneath 

them as does Rosemary Bank (Scrutton 1971) and they are therefore not old 

volcanoes. The estimated depth of about 26 km of the Moho beneath the 

Banks i s 5 km l e s s than the depth estimated by Scrutton beneath Rockall 

Banksusing seismic r e f r a c t i o n (Scrutton 1970) and gravity evidence 

(Scrutton I 9 7 I ) . Scrutton based his gravity p r o f i l e interpretation on 

a Moho depth of 31 km beneath the continental s h e l f of northwest Ireland. 

I f t h i s value had been 26 km, as was assumed for the depth beneath the 

Hebridean margin i n the present interpretation, the Moho depth beneath 

Rockall Bank would have been 26 km. The seismic refraction experiment 

of Scrutton (I 970) was carried out i n bad weather. No reversed upper 

mantle v e l o c i t y was obtained and the lower crus t a l v e l o c i t y of 7.02 kn/s 
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was no t w e l l determined. I t i s poss ible t h a t there i s a s i g n i f i c a n t 

e r r o r i n the c a l c u l a t e d Moho dep th . I f the o ther Banks are c o n t i n e n t a l , 

the evidence a v a i l a b l e cannot demonstrate t h a t there i s any s i g n i f i c a n t 

d i f f e r e n c e i n the depths o f the Moho beneath Rocka l l Bank and George B l i g h , 

B i l l B a i l e y ' s and Faeroe Banks. 

Evidence f r o m magnetic p r o f i l e s suggests t ha t Faeroe Bank i s i n ­

t r u d e d by seve ra l b a s a l t i c dykes and probably has a t l e a s t a p a r t i a l 

cove r ing o f b a s a l t i c lavas (Dobinson 1970). Magnetic evidence f r o m George 

B l i g h and B i l l B a i l e y ' s Banks i n d i c a t e s t h a t b a s a l t i c m a t e r i a l i s not 

common on these two Banks. S i m i l a r i t i e s between the p r o f i l e s over 

G-eorge B l i g h and B i l l B a i l e y ' s Banks and those over Faeroe Bank suggest 

t h a t the o n l y d i f f e r e n c e between the Banks may be the presence or absence 

o f b a s a l t i c m a t e r i a l . There i s a s i m i l a r r e l a t i o n s h i p between magnetic 

p r o f i l e s over the n o r t h e r n and southern p a r t s o f R d c k a l l Bank which 

Roberts and Jones ( i n p r epa ra t i on ) have a t t r i b u t e d t o a s i m i l a r presence 

and absence o f b a s a l t i c m a t e r i a l . 

The a v a i l a b l e evidence suggests t h a t George B l i g h , B i l l B a i l e y ' s 

and Paeroe Bank are c o n t i n e n t a l f ragments but the evidence i s not con­

c l u s i v e . Apar t f r o m Rocka l l Bank there i s a gradual increase i n the 

depths o f the Banks f r o m the Faeroe Pla teau t o Hat ton Bank. Since Hat ton 

Bank i s cons ide rab ly l a r g e r than George B l i g h , Lousy, B i l l B a i l e y ' s and 

Faeroe Banks, the depth o f each Bank cannot be r e l a t e d t o i t s s i z e , 

Faeroe P la teau forms the sha l lowest proposed c o n t i n e n t a l f r agaen t and 

i t i s s i t u a t e d a t the southeastern end o f the Iceland-Faeroe r i d g e . 

The depths o f the Banks may be r e l a t e d t o t h e i r distances f rom the 

Iceland-Faeroe r i d g e . This i s considered i n Sec t ion 7.8. The nor the rn 

end o f Rocka l l Bank forms one o f the shal lowest bank areas. This may 

be p a r t l y because the i n t r u s i v e centre (Roberts 1969) i n the Bank has 

caused a reduced r a t e o f e ros ion bu t the o v e r a l l he igh t o f the Bank i s 

more p robab ly r e l a t e d t o i t s r e l a t i v e remoteness f r o m the most recent 
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oceanic spreading area and i t s p r o x i m i t y t o the now r e l a t i v e l y s tab le 

R o c k a l l Trough r e g i o n , 

7.5 The Wyville-Thomson Rise and associa ted regions 

R e f l e c t i o n p r o f i l e s show t h a t two basement r idges extending f r o m 

Paeroe Bank t o the southeast u n d e r l i e the sediments o f the Wyville-Thornson 

Rise (Pig .52f), The sou thwes te r ly r i dge terminates about 50 km f r o n the 

S c o t t i s h c o n t i n e n t a l s h e l f whereas the n o r t h e a s t e r l y r idge i s continuous 

f r o m Paeroe Bank t o the c o n t i n e n t a l s h e l f . Magnetic evidence ind ica t e s 

t h a t the r i dges are composed o f magnetic igneous m a t e r i a l and are prob­

a b l y r e v e r s e l y magnetised. No geo log i ca l evidence on the composit ion 

o f the m a t e r i a l i s a v a i l a b l e b u t the v e l o c i t y o f the upper l a y e r on the 

no r thea s t e rn r i d g e i s about 4.91 kn/s (Ewing and Ewing 1959)- This 

v e l o c i t y i s l i k e l y t o be r ep re sen t a t i ve o f b a s a l t . To the southwest 

o f the sou thwes te r ly r i d g e o f the Rise , seve ra l basement i r r e g u l a r i t i e s 

and minor r idges are p resen t . 

G-ravity evidence i n d i c a t e s t h a t the oceanic c rus t beneath Rockal l 

Trough th ickens towards the nor theas t end o f the Trough t o a maximum 

th ickness o f about I5 km next t o the Wyville-Thomson Rise , Beneath 

the r i dges o f the Wyville-Thomson Rise c r u s t a l . t h i c k e n i n g t o a maximum 

of about 25 km i s i n d i c a t e d by the g r a v i t y . Al though t h i s thickness i s 

s i m i l a r t o t h a t es t imated beneath R o c k a l l P la t eau and the o ther Bank 

areas the re are seve ra l d i s t i n c t d i f f e r e n c e s between these areas and 

the r i dges o f the Wyville-Thorns 6n R i s e . The present minimum depth o f 

the basement r i d g e s i s much deeper than the depths o f the c o n t i n e n t a l 

f r agment s . There i s no evidence t h a t the r idges have ever been sub-

a e r i a l . The magne t i sa t ion o f the r idges i s probably considerably 

g r ea t e r than t h a t o f the Banks, The narrow l i n e a r nature o f the r idges 

i s a t y p i c a l o f the Bank areas . I t t h e r e f o r e seems u n l i k e l y t h a t the 
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r idges are i n any way c o n t i n e n t a l . The d i r e c t i o n a l t r e n d o f the r idges 

i s s i m i l a r t o t h a t o f the f i s s u r e system i n d i c a t e d by the magnetic 

anomalies on Faeroe Bank (Dobinson 1 970) and t o the dominant s t r u c ­

t u r a l t i ^ n d o f the Faeroe I s l ands c l e a r l y shown by the present t o p ­

ography o f the I s l a n d s . I t i s p o s s i b l e t h a t the r idges f o r m i n g the 

Wyvil le-Thomson Rise are composed of igneous m a t e r i a l which was extruded 

through vents i n the oceanic c r u s t w i t h a s i m i l a r t r e n d t o those on Faeroe 

Bank and Faeroe P l a t e a u . The minor r idges t o the southwest o f the Rise 

may have been farmed by the e x t r u s i o n o f m a t e r i a l through subs id i a ry vents 

o r by f l o w s o f v i scous m a t e r i a l f r o m the major v e n t s . The poss ib le cause 

of such a l a r g e vent system i n the c r u s t a l l o w i n g basa l t s t o be extruded 

over b o t h c o n t i n e n t a l and oceanic areas i s considered i n Sec t ion 7.8. 

To the nor theas t o f the Wyville-Thomson Rise l i e s the Faeroe-

Shetland channel ( F i g , 5 4 ) . Magnetic evidence i n d i c a t e s t h a t the m g n e t i c 

basement i n the channel l i e s a t a depth o f about 3 km below sealevel and 

g r a v i t y i n t e r p r e t a t i o n i n d i c a t e s t h a t the Moho i s a t a depth o f about 

17 km below sea l eve l . Al though no seismic r e f r a c t i o n r e s u l t s are as 

y e t a v a i l a b l e t o c o n f i r m t h i s , the Faeroe-Shetland channel appears t o 

be u n d e r l a i n by t h i c k oceanic c r u s t , ' 

4, ^ _ " ; •' ' ^^'^ southwest end of the 

Faeroe-Shetland channel a sou theas t e r ly p r o t r u s i o n f r o m the Faeroe 

P l a t eau (Fig.52f) conf ines the deep waterway t o a narrow channel close 

t o the S c o t t i s h c o n t i n e n t a l r i s e . Th i s channel turns t o the northwest 

and j o i n s onto the Paeroe Bank channel a long the nor theast side o f the 

Wyvil le-Thomson R i s e . Seismic r e f l e c t i o n p r o f i l e s (Sect ion 5.2) show 

t h a t t h e sou theas t e r ly Faeroe P l a t eau extens ion i s made up o f a basement 

r i d g e surrovmded by sediments. The sediments are p a r t i c u l a r l y t h i c k on 

the no r theas t side of the basement r i d g e . The basement r i dge i s connec­

t e d t o the main Paeroe b l o c k a t i t s northwest end and becomes lower and 

smal le r towards the southeas t . R e f l e c t i o n p r o f i l e s show t h a t the r idge 
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extends t o w i t h i n 1+0 km o f the S c o t t i s h c o n t i n e n t a l s h e l f . Magnetic 

p r o f i l e s over the r i d g e i n d i c a t e t h a t lavas are present on the r idge 

and a comparison o f the magnetic p r o f i l e s t o those over the r idges o f 

the Wyville-Thomson Rise shows t h a t there may be l i t t l e d i f f e r e n c e 

between the r idges (Chapter 5 ) . The r i dge also shows reversed mag­

n e t i s a t i o n as do the Wyville-Thomson Rise r i d g e s . Evidence has been 

descr ibed which i n d i c a t e s t h a t the Paeroe P la teau i s c o n t i n e n t a l but i t 

i s d i f f i c u l t t o associate a l o n g , t a p e r i n g , deepening r idge w i t h a con­

t i n e n t a l area . There i s no i n d i c a t i o n t h a t the summit o f the south­

e a s t e r l y p a r t o f the r i d g e has ever been s u b a e r i a l l y eroded as has the 

r e s t of the Paeroe P l a t eau . The depth o f the r i dge cannot be a t t r i b u t e d 

t o the f o u n d e r i n g o f a c o n t i n e n t a l f ragment . The s i m i l a r i t y o f the r i dge 

t o the r i d g e s o f the Wyville-Thomson Rise i n shape, s i z e , g r a v i t y and 

magnetic e f f e c t and p a r t i c u l a r l y s t r u c t u r a l t r e n d suggests t h a t the 

r i d g e was formed i n a s i m i l a r manner t o the o ther r i d g e s . Th i s theory 

i s supported by the problems o f c o n t i n e n t a l f i t t i n g discussed i n 

Sec t ion 7 . 6 . 

G-ravi ty, magnetic and r e f l e c t i o n p r o f i l e evidence i n d i c a t e s t h a t an 

i n t r u s i v e centre i s present amongst the minor basement r idges (5-9°4JO'N, 

8°i).0'W) t o the southwest o f the southwester ly r idge o f the W y v i l l e -

Thomson Rise ( P i g . 5 4 ) . The i n t r u s i o n has a diameter of approximately 

25 km and i t s base i s p robably a t a depth o f about 14 km. The i n t r u s i v e 

r o c k i s p robab ly r e v e r s e l y magnetised w i t h respect t o the present E a r t h ' s 

f i e l d . Sedimentary evidence shows t h a t the i n t r u s i v e cranplex pre-dates 

r e f l e c t o r ' R ' , which i s Lower-Middle Oligocene, as do the basement 

r i dges cxf the Wyri l le-Thomson R i s e . Two other i n t r u s i v e canplexes 

occur i n the R o c k a l l Trough, These are Rosemary Bank and the Anton Dohm 

Seamount ( P i g . 5 4 ) , Both are l o c a t e d i n the centre o f the Trough, 

G-ravity and magnetic i n t e r p r e t a t i o n (Sc ru t t on 1971) shows t h a t the i n t r u s ­

i v e complex beneath Rosemary Bank i s o f a s i m i l a r s ize and has s i m i l a r 

magnetic p r o p e r t i e s t o the complex next t o the Wyville-Thomson Rise , 
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Sedimentary evidence shows t h a t Rosemary Bank a l so pre-dates r e f l e c t o r 

' R ' , Since the i n t r u s i v e complex next t o the Rise i s a lso loca t ed i n 

the cent re o f the R o c k a l l Trough i t i s s i m i l a r i n a l l respects t o Rose­

mary Bank and probably t o the Anton Dohrn Seamount.- No conclus ive 

evidence i s a v a i l a b l e t h a t determines whether the complex i s associa ted 

w i t h the basement r idges or whether i t i s s imply another complex o f 

s i m i l a r o r i g i n t o those f u r t h e r sou th . 

7 . 6 . Con t inen ta l f i t t i n g 

I f the oceanic c r u s t i n the N o r t h A t l a n t i c has been formed by; the 

new w e l l - p r o v e n theo ry o f oceanic spreading and p l a t e t e c t o n i c s (Hess 

1962 , D i e t z 1 9 6 1 ) , i t should be possible t o close the Nor th A t l a n t i c and 

f i t the surrounding c o n t i n e n t a l reg ions t oge the r . I f , before spreading 

began i n the Nor th A t l a n t i c , there were any minor ocean basins present 

these would have t o be i n c l u d e d i n the f i t . Th is p o s s i l s l i t y seems u n ­

l i k e l y i n the North A t l a n t i c s ince a great thickness o f sediment would 

o v e r l i e such a piece o f oceanic c r u s t as i s the case a t present i n the 

Black Sea (Menard 1 9 7 0 ) . B u l l a r d e t a l . (1965) computed a f i t f o r a l l 

the c o n t i n e n t s round the whole A t l a n t i c . They assumed t h a t the 500 fathom 

ba thymet r i c contour marked the ocean-continent t r a n s i t i o n l i n e . Prom 

t h i s f i t B u l l a r d e t a l , suggested t 'ha t Rocka l l P la teau may be c o n t i n e n t a l 

since i t conven ien t ly f i l l e d a gap i n the f i t but they d i d not consider 

the p o s s i b i l i t y t h a t Faeroe Pla teau or any o f the Banks may be c o n t i n e n t a l . 

T h e i r f i t t o the n o r t h and northwest o f Scotland was p a r t i c u l a r l y poor . 

By r o t a t i n g Greenland 1 4 ° about a pole s i t u a t e d a t 58°N, 117°E, 

B o t t and Watts (1971 ) f i t t e d the edge o f the Greenland c o n t i n e n t a l s h e l f 

t o the wes te rn edges o f Rocka l l P la teau and Faeroe Plateau ( F i g . 5 5 ) . 

They d i d n o t move e i t h e r o f the Plateaus or any o f the Banks r e l a t i v e 

t o Europe. Th i s f i t leaves the Rocka l l Trough, which i s almost c e r t a i n l y 

an oceanic area , and the Paeroe-Shetland channel, which may be oceanic, 

open. These two can o n l y be c lo sed , assuming t h a t the cont inen ts e i t h e r 
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Figure 55. F i t of the continents around the northern 

North A t l a n t i c from Bott and Watts 1971. 

The heavy dashed l i n e marks the extent of the T e r t i a r y 

igneous province. 
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side remain r i g i d , i f the Wyville-Thomson Rise and the sou theas te r ly 

Paeroe r i d g e were formed since o r du r ing the p e r i o d o f opening. The 

p o s s i b l e c o n t i n e n t a l margins are marked on P i g . 5 6 . These have been 

deduced f r o m the r e f l e c t i o n p r o f i l e s , the bathymetry, the evidence 

concerning t h e basement r idges (Sec t ion 7 . 5 ) and the i n f o r m a t i o n con­

c e r n i n g a possible basement b l o c k connecting George E l i g h and B i l l 

B a i l e y ' s Banks (D,G-, Roberts - personal communication). Even w i t h t h i s 

evidence the suggested margin i s somewhat s u b j e c t i v e . The t heo ry requi res 

t h a t t he re i s a wide area o f t h i c k sediments l y i n g a long the southeast 

margin o f the Paeroe P l a t e a u . Reference t o the magnetic and g r a v i t y 

p r o f i l e s a long l i n e E-E' ( P i g . 5 4 ) o f B o t t and Watts (I971) subs tan t ia tes 

t h i s t h e o r y . The g r a v i t y i n t e r p r e t a t i o n along t h i s l i n e ( F i g . 5 7 ) which 

crosses the margin o f the Paeroe P la teau t o the n o r t h o f the sou theas te r ly 

basement r i d g e inc ludes a wide , t h i c k sequence o f sediments a long the 

nor thwest margin o f the Paeroe-Shetland channel and. the magnetic p r o f i l e 

i n d i c a t e s t h a t the magnetic basement r i s e s t o the surface about 50 km t o 

the nor thwest o f the ba thymet r ic margin o f the P la teau . 

Since the nor thwes tern c o n t i n e n t a l margin o f Scot land and the 

proposed southeastern c o n t i n e n t a l margin o f the Faeroe Pla teau are 

r e l a t i v e l y s t r a i g h t , they can g ive l i t t l e i n d i c a t i o n as t o the exact 

f i t t i n g p o s i t i o n . The no r theas t e rn edge o f Rocka l l P la teau has, however, 

two d i s t i n c t comers which determine the p o s i t i o n o f f i t r e l a t i v e l y 

p r e c i s e l y . Lines i n d i c a t i n g the approximate d i r e c t i o n o f opening are 

marked on P i g , 5 6 . The r e q u i r e d amount o f opening decreases f r o m the 

southern R o c k a l l Trough t o the Paeroe-Shetland channel . The s p l i t t i n g 

must have extended i n t o the iSastem Norwegian Sea. The l i n e a long which 

s p l i t t i n g must have occurred i n the Norwegian Sea i s f o l l o w e d by a r e l ­

a t i v e l y q u i e t magnetic area on the aeromagnetic r e s i d u a l contour char t o f 

Avery e t a l . ( I 9 6 8 - P i g . 5 ) . 
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F i g u r e 56 • The R o c k a l l Tapough r e g i o n w i t h p o s s i b l e 

e o a t i n e n t a l margins* 
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F i g u r e 57, G r a v i t y i n t e r p r e t a t i o n across the Faeroe-

Shetland channel. L i n e E-E* from Bott and Watts 1971^ 
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7.7. D a t i n g o f events i n the nor theas t A t l a n t i c 

Several impor tant events have occurred i n the e v o l u t i o n of the 

no r theas t A t l a n t i c r e g i o n . Before the events and t h e i r r e l a t i o n s h i p s 

can be f u l l y understood absolute ages must be a p p l i e d t o as many events 

as p o s s i b l e . Where t h i s i s not poss ib le r e l a t i v e ages must be deduced. 

7.7.1 . The opening o f t h e i A t l a n t i c a long the Reykjanes r i dge 

Th i s event has been dated us ing the magnetic l i n e a t i o n s i n the 

no r theas t A t l a n t i c (Le Pichon e t a l . I971, Laughton I971). The e a r l i e s t 

l i n e a t i o n ad jacen t t o the western side of the R o c k a l l P l a t eau and the 

eas t e rn margin o f G-reenland i s anomaly 24. Th i s has an age o f about 60 m 

y r ( H e i r t z l e r e t a l , I968). The i n i t i a l r i f t i n g probably occurred s h o r t l y 

b e f o r e t h i s da te , 

7.7.2 The opening o f the Rocka l l Trough 

Evidence i n d i c a t i n g the t ime o f opening o f the Rocka l l Trough i s 

scan ty . R e f l e c t i o n p r o f i l e evidence f r o m the southern p a r t o f the Trougl? 

( S c r u t t o n and Roberts 1971) showa t h a t a t l e a s t 5 km of sediment are present 

beneath r e f l e c t o r ' R ' which i s o f Lower-Middle Oligocene age. Opening 

must t h e r e f o r e have occurred l o n g before the Ol igocene. S t r i de e t a l , 

(1 969) suggested f r o m r e f l e c t i o n p r o f i l e evidence t h a t sediments o f 

Cretaceous age are present on the ^Hebridean c o n t i n e n t a l s lope i n d i c a t i n g 

t h a t opening occurred be fo re t h a t t i m e . No t y p i c a l oceanic magnetic 

l i n e a t i o n s ^ are present i n the Trough t h e r e f o r e age c o r r e l a t i o n s w i t h 

l i n e a t i o n s elsewhere cannot be c a r r i e d ou t . The absence o f l i n e a t i o n s 

may however i n d i c a t e t h a t the Trough opened f u l l y d u r i n g 02ie p e r i o d o f 

magne t i s a t i on . I f opening occurred a t a r a t e t y p i c a l o f those measured 

i n o t h e r oceans, the p e r i o d o f t ime w i t h no magnetic r eversa l s must have 

been r e l a t i v e l y l o n g . 

Assuming t h a t l a r g e c o n t i n e n t a l regions remain r e l a t i v e l y r i g i d , 

no opening can have occurred i n the Rocka l l Trough u n t i l , t he southern 

Nor th A t l a n t i c began t o open. Laughton (1971) and Le Pichon e t a l . (1971) 
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have proposed models o f the opening o f the Nor th A t l a n t i c based on 

magnetic l i n e a t i o n s and o the r i n f o r m a t i o n . The two models do not 

comple te ly agree bu t t h e y bo th suggest t h a t the Rocka l l Trough opened 

s imxil taneously w i t h the e a r l y opening o f the Nor th A t l a n t i c , The mag­

n e t i c a l l y qu i e t R o c k a l l Trough probably corresponds i n age t o the qu ie t 

zones o f the Nor th A t l a n t i c ( H e i r t z l e r and Hayes I967) . Emery e t a l . 

(1970) have used magnetic r e v e r s a l and sedimentary evidence t o suggest 

t h a t the i n i t i a l s p l i t t i n g between Nor th America and A f r i c a occurred a t 

the beg inn ing o f the l o n g Kiaman i n t e r v a l ( I r v i n g I966) o f reversed 

magne t i s a t i on . This was about 2?0 m y r ago. The opening o f the Rocka l l 

Trough probably occurred d u r i n g the p e r i o d between 2^() and 220 m y r ago. 

Th i s would imp ly t h a t the oceanic basement o f the Trough i s r eve r se ly 

magnetised. This c o r r e l a t e s w i t h the r e v e r s e l y magnetised vo lcan ic 

centres o f the Anton Dohm Seamount, Rosemary Bank and perhaps the 

complex adjacent t o the Wyville-Thorns on Rise i f they were formed d u r i n g 

the opening o f the Trough. 

7.7»3 The f o r m a t i o n o f the basement r i d g e s o f the W y v i l l e -
Thomson Rise and the southeast Faeroe ex tens ion . 

A maximum age f o r these r i dges i s g iven by the age of the Rockal l 

Trough . The r idges must have been formed e i t h e r contemporaneotisly w i t h 

or subsequent t o the opening. The r e l a t i o n s h i p o f r e f l e c t o r 'R ' t o 

the r i dges c l e a r l y shows t h a t they are pre-Lower Oligocene (Sec t ion 5.4). 

No o the r d i r e c t evidence as t o the ages o f the r idges i s a v a i l a b l e . 

A l though the sediments o v e r l y i n g the southwester ly r idge are o lder than 

the Lower Oligocene no d e f i n i t e age can be a t t r i b u t e d t o them. The 

suggested pos s ib l e o r i g i n o f the r idges (Sec t ion 7.5) does, however, 

i n d i c a t e t h a t they may be conteinporaneous w i t h the extruded lavas on 

Faeroe P la teau and Paeroe Bank, The lower se r ies o f sediments on the 

r i dges may have been deposi ted w h i l s t Faeroe Bank was u p l i f t e d (Sec t ion 

7.8) s h o r t l y a f t e r the oceanic spreading began along the Reykjanes r i d g e . 
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7.7.4 The s i n k i n g o f the ou te r Banks 

I f R o c k a l l P la t eau , Paeroe P la t eau and the Banks between them 

formed, a t one t i m e , a continuous upstanding c o n t i n e n t a l area, there 

must have been one or more per iods o f i r r e g u l a r s i n k i n g . The r e l a t ­

i onsh ip s o f the sediments on the margins o f the Banks (Sec t ion 4,2.2) 

show t h a t subae r i a l e r o s i o n ceased some t ime p r i o r t o the Lower O l i g ­

ocene, R e f l e c t o r 'R' i s found o v e r l y i n g a downfaul ted b l o c k between 

G-eorge B l i g h and B i l l B a i l e y ' s Banks (Sec t ion 4.1.1, D.G-. Roberts -

personal communicat ion) . About 0,5 km o f sediment i s present between 

the r e f l e c t o r and the b l o c k t h e r e f o r e i t i s l i k e l y t h a t sedimentat ion 

began on the b l o c k sometime i n the Lower T e r t i a r y . Data f rom the Deep 

Sea D r i l l i n g P r o j e c t holes a t S i t e s 116 and 117 ( D . S . D . P . S c i e n t i f i c 

S t a f f 1970, P i g . l ) has p rov ided r e l a t i v e l y acctirate i n f o r m a t i o n on the 

per iods o f s i n k i n g o f the Ha t ton -Rocka l l Bas in , I n the Palaeocene the 

b a s a l t i c basement o f the b a s i n was s u b a e r i a l . Rapid s i n k i n g occurred 

55 m y r ago f o l l o w e d by r e l a t i v e s t a b i l i t y f o r 12 m y r . There was f u r t h e r 

s i n k i n g i h the Late Eocene (39 m y r ago) f o l l o w e d by r e l a t i v e s t a b i l i t y 

f o r about 20 m y r . The f i n a l p e r i o d o f s i n k i n g , which was a l so t h a t o f 

g rea te s t s i n k i n g , occurred i n the Middle Miocene (15 - 10 m y r ago) . 

This h i s t o r y o f subsidence i s l i k e l y t o have a f f e c t e d a l l the con t inen­

t a l f r agmen t s , 

7:7.5 The f o r m a t i o n o f the c o n t i n e n t a l s h e l f sedimentary basins 

D i r e c t evidence on the ages o f the s h e l f sedimentary basins can 

o n l y be gained f r o m a s tudy o f the sediments which have accumulated i n 

and aro\md the b a s i n s . On the S c o t t i s h s h e l f the sedimentary basins 

are l a r g e l y f a u l t - b o u n d e d . Since many of the f a u l t s are probably r e ­

a c t i v a t e d f a u l t s o f much g r ea t e r age the problem of dec id ing when the 

main p e r i o d o f subsidence i n the basins s t a r t e d i s more compl ica ted . 

Many specula t ions as t o the o ldes t age o f the sediments i n the basins 

have been made (Watts 1971, Smythe e t a l . 1972, M c Q u i l l i n and Binns 
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1973, Ha l lam 1972, H a l l and Smythe 1973, S tee l 1971). Tiie best 

a v a i l a b l e evidence t h a t can be used t o date the i n i t i a t i o n o f subsidence 

i n the bas ins accu ra t e ly i s sedimentary evidence f r o m and around the Sea 

o f the Hebrides Trough and the Inne r Hebrides Trough, Stee l (1971) 

suggests t h a t sediments near Stomoway on the Outer Hebrides i n d i c a t e 

t h a t the re was v e r t i c a l movement on the Minch P a i i l t i n New Red Sandstone 

t i m e s . The downthrow was t o the northwest which i s opposite t o the l a t e r • 

movement bu t t h i s may represent an i n i t i a l stage o f the major subsidence, 

'v. ji-- , .Tor r idon ian sediments p robably fo rm a major component o f the 

sedimentary i n f i l l o f the basins ( B r o w i t t 1972, M c Q u i l l i n and Birms 1973). 

O l d Red Sandstone and Carboniferous sediments may a l so be present . Sed­

iments o f these ages have probably been downfaul ted i n t o the basins and 

are u n l i k e l y t o have been o r i g i n a l bas ina l d e p o s i t s i , Permo-Triassic 

samples have been recovered f r o m the margin o f the Sea o f the Hebrides 

Trough and rocks o f t h i s age a l so occur on Rhum and Skye (Richey I 9 6 I ) , 

Samples o f probable Ju rass i c age have been recovered f r o m the deeper 

p a r t s o f the bas in bu t r e l a t i v e l y t h i n Jurass ic occurrences on l and i n 

the area suggest t h a t there was l i t t l e subsidence i n the bas in a t t h a t 

t ime ( M c Q u i l l i n and Binns 1973). 

A l t h o u ^ deep d r i l l i n g w i l l probably be necessary t o e s t a b l i s h 

the exact t ime o f the i n i t i a l subsidence i n the s h e l f bas ins , i t i s 

l i k e l y t h a t t h i s occurred i n Penno-Trias times or about 250 m y r ago. 

B o t t (1971a) has suggested t h a t c o n t i n e n t a l s h e l f basins may be 

formed by the i n t e r a c t i o n o f nofmal f a u l t i n g i n the upper c rus t w i t h 

oceanward creep i n the lower c r u s t o f a newly formed con t inen t a l margin . 

This t h e o r y suggests t h a t s h e l f basins should f o r m r e l a t i v e l y soon a f t e r 

the i n i t i a l development of a new ocean and t h a t the basins should be 

approx imate ly p a r a l l e l t o the new c o n t i n e n t a l margin . The suggested age 

o f the bas ins on the S c o t t i s h s h e l f i n d i c a t e s t h a t t hey cou ld be r e l a t e d 

t o the f o r m a t i o n o f the R o c k a l l Trough but no t t o the s p l i t t i n g a t the 



106. 

Reykjanes r idge ( H a l l and Smythe 1973). The t r e n d o f the basins 
c o r r e l a t e s w e l l w i t h the t r e n d o f the R o c k a l l Trough, The change i n 
t r e n d o f the basins between the Lewis-Flannan I s l e s bas in (Sec t ion 6,2.3) 
and the Outer Hebrides Bas in ( M c Q u i l l i n and Binns 1 973) may even c o r r e l ­
a te w i t h the adjacent change i n t r e n d o f the c o n t i n e n t a l margin (F ig .54) . 
The age o f the i n i t i a l subsidence i n the basins may t h e r e f o r e be another 
i n d i c a t o r t o the t ime of the i n i t i a t i o n o f s p l i t t i n g of the Rocka l l 
Trough. 

7.7.6. The Thulean igneous province 

Radiometr ic d a t i n g o f samples c o l l e c t e d f r o m var ious pa r t s o f the 

p rov ince has p rov ided r e l a t i v e l y accurate ages f o r the development o f the 

p r o v i n c e , Evans, P i t c h and M i l l e r (1973) have summarised the ava i l ab le 

i n f o r m a t i o n . I n B r i t a i n , magmatism began i n e i t h e r the l a t e s t Cretaceous 

o r e a r l i e s t Palaeocene (65 - 66 m y r ago) . The cl imax occurred when the 

main p l u t o n i c centres developed about 59 m y r ago and a c t i v i t y continued 

u n t i l a t l e a s t 50 m y r ago. A c t i v i t y occurred through approximately the 

same p e r i o d o f t ime i n the Paeroe I s l a n d s , I n East G-reenland the l a t e s t 

p l a t e a u b a s a l t s are Palaeocene (55 - 60 m y r ago) and the l a t e s t a c t i v i t y 

was p robab ly 50 m y r ago. The e n t i r e a c t i v i t y l a s t e d only about 15 m y r 

i n East G-reenland, A c t i v i t y i n Y/est Greenland and B a f f i n I s l a n d i s o f a 

s i m i l a r age t o t h a t i n the r e s t o f the igneous p rov ince . The a c t i v i t y 

throughout the province was probably c o n f i n e d t o the Palaeocene and the 

Eocene. 

7,8. The development o f the Thulean igneous province 

The known ex ten t o f t h i s province i s shown on P i g . 55, The 

evidence o u t l i n e d i n Sections 7.5 and 7.7.3 suggests t h a t the basement 

r i d g e s o f the Wyville-Thomson Rise and the southeast Paeroe extens ion 

may a l so belong t o the p r o v i n c e . The c o r r e l a t i o n o f the age o f open­

i n g o f the A t l a n t i c a long the Reykjanes r idge w i t h the age o f the igneous 

m a t e r i a l i n the province suggests t h a t the opening and the igneous 

a c t i v i t y are r e l a t e d . The anomalous nature o f the c r u s t beneath 
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I c e l a n d and beneath the Greenland-Iceland-Faeroe r i d g e , which formed 

d u r i n g the l a t e r spreading o f the A t l a n t i c , provides evidence which 

may he lp t o e x p l a i n the r e l a t i o n s h i p o f the s p l i t t i n g t o the igneous 

a c t i v i t y . 

The Iceland-Faeroe r i d g e i s u n d e r l a i n by an anomalously t h i c k 

oceanic c r u s t ( B o t t e t a l . 1971). This was probably formed by an anom­

alous type o f a c c r e t i o n caused by a mantle 'hcit spot ' which i s noKr 

beneath I c e l a n d (Wilson I963, B o t t e t a l , 1971). This ' h o t spot ' may 

be caused by a r i s i n g mantle plume (Morgan 1971) which may have caused 

the i n i t i a l s p l i t t i n g o f the con t inen t s and perhaps the widespread 

contemporaneous vu lcan ism, B o t t (1973) considers t h a t a s i n g l e plume 

would n o t produce such widespread vulcanism and suggests t h a t a s i n g l e 

convect ive o v e r t u r n i n the asthenosphere beneath the r e g i o n o f the igneous 

p rov ince c o u l d have caused bo th the v u l c a n i c i t y and the i n i t i a t i o n o f 

spreading a long the n o r t h e r n l i m b o f the A t l a n t i c , No mat ter ^ ^ i c h 

mechanism operated, the l i t h o s p h e r e a t the fo r thcoming s p l i t t i n g p o i n t 

would be s t ressed and domed ( B o t t 1973, Brooks 1973). Brooks (1973) 

suggests t h a t such doming caused a ' Y ' shaped c o n f i g u r a t i o n o f r i g t i n g 

th rough wh ich l a v a was ex t ruded . He suggests t h a t two arms o f the ' Y ' 

then fo rmed the spreading ax i s o f the Nor th A t l a n t i c and the t h i r d arm 

became tne now- inac t ive Kangerdlugssuaq r i f t i n Greenland, The l a v a 

ext ruded on Faeroe P la teau and Faeroe Bank, and t h a t fo rming the basement 

r i d g e s o f the Ti^Tville-Thomson Rise and the sou theas t e r ly Paeroe extens ion 

may have been extruded through now- inac t ive r i f t s which were o r i g i n a l l y 

caused by the doming. Th i s would e x p l a i n the d iminut ion- , i n s ize o f the 

r i dges away f r o m the Paeroe P la teau and Bank, Brooks considers t h a t the 

doming i n Greenland has n o t f u l l y subsided. The increase i n the depths 

o f t he Banks between Faeroe P l a t e a u and H ^ t t o n Bank away f r o m the Faeroe 

P l a t e a u (Sec t i on 7.4) may be caused by a s i m i l a r l a c k o f complete subs id­

ence o f the doming on the eas te rn s ide o f the A t l a n t i c . 
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7.9. The development o f the nor theas t A t l a n t i c 

( 1 ) About 270 - 220 m y r ago; Probable f o r m a t i o n cf the R o c k a l l Trough 

and Paeroe-Shetland channel by c r u s t a l s p l i t t i n g occu r r ing con­

temporaneously w i t h the i n i t i a l opening o f the Nor th A t l a n t i c 

b a s i n . The s p l i t p robab ly cont inued some dis tance i n t o the 

present Norwegian Sea r e g i o n . 

The volcanoes o f the Anton Dohrn Seamoxmt, Rosemary Bank and 

perhaps the i n t r u s i v e complex now l y i n g t o the southwest o f the 

Wyvil le-Thomson Rise probably formed on o r near the spreading cent re . 

S h o r t l y a f t e r the s p l i t t i n g b l o c k f a u l t i n g occurred on the S c o t t i s h 

and G-reenland c o n t i n e n t a l shelves . The f a u l t s developed e i t h e r 

approx imate ly p a r a l l e l t o the new c o n t i n e n t a l margins or f o l l o w e d 

the l i n e s o f f a r n ^ r t r a n s c u r r e n t f a u l t s , 

( 2 ) 220 - 65 m y r ago: The c o n t i n e n t a l shelves and margins sank 

s l i g h t l y and sediments were deposi ted over the c o n t i n e n t a l s lopes. 

The s h e l f basins cont inued t o develop and were g radua l ly f i l l e d 

w i t h sediments. 

( 3 ) 65 m y r ago: Disturbances i n the asthenosphere caused the Thulean 

igneous province t o beg in to develop. Doming o f the l i t h o s p h e r e 

occurred t o the west o f the Faeroe-Shetland channel causing r i f t i n g 

i n b o t h the c o n t i n e n t a l and the oceanic c r u s t accairpanied by the 

e x t r u s i o n o f l a r g e volumes o f b a s a l t i c l a v a . The l ava formed ; 

the p la t eau lavas on East Greenland, the Faeroe Pla teau and 

p robab ly Paeroe Bank and the basement r idges i n the Rocka l l Trough 

and Paeroe-Shetland channel , 

( 4 ) 60 - 55 m y r ago: The n o r t h e r n p a r t of the A t l a n t i c Ocean 

began t o f o r m . Subsidence occurred i n the microcont inent on the 

east side of the new ocean. The subsidence was probably f a c i l i t ­

a t ed by the f r a c t u r i n g which the i n i t i a l doming must have caused. 
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(5) 55 m y r ago to present: Subsidence of the fractured microcon-

tinent continued at irregular i n t e r v a l s . The cold Norwegian 

sea water formed deep water currents and affected the previous 

tu r b i d i t y current sedimentation i n the Rockall Trough. The 

Scottish continental shelf gradually sank and was eroded u n t i l 

i t reached i t s present l e v e l . 

7.10. Further work 

Many of the conclusions reached i n t h i s chapter are based on 

l i t t l e or indecisive evidence. Much of the area needs further inves­

t i g a t i o n i n order to confirm or refute these conclusions. 

Although the evidence that the Rockall Trough i s oceanic i s f a i r l y 

convincing, seismic r e f r a c t i o n evidence could confirm t h i s i f s u f f i c i e n t 

penetration were attained. The cr u s t a l thicknesses i n the north of the 

Trough are based on gravity interpretation which could be i n error i f any 

of the control parameters has been wrongly deduced. 

The evidence from the Faeroe-Shetland channel does not prove 

conclusively that i t i s underlain by oceanic crust. Refraction evidence 

could both confirm the sediment thicknesses and the cinistal v e l o c i t i e s 

and thicknesses. 

Many of the conclusions depend on the southeasterly Paeroe base­

ment ridge being of a^.different composition to the remainder of the 

Faeroe Plateau. A gravity p r o f i l e along the ridge, with seismic r e f -

(Jection control on the sediment thicknesses, could provide evidence of 

t h i s . Similarly, gravity interpretation along the ridges of the Wyville-

Thomson Rise and onto Faeroe Bank would probably show i f basic changes i n 

the c r u s t a l composition are present between the ridges and the Bank, 

Seismic r e f r a c t i o n experiments have already been carried out on 

the Faeroe Plateau during the North Atlantic Seismic Project, 1972. 

These have confirmed that continental crust i s present beneath the 

Plateau (M.H.P. Bott and P.J. Smith - personal communication). &eorge 
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Bligh, Lousy and B i l l Bailey's Banks may present d i f f i c u l t i e s for 

seismic r e f r a c t i o n work since the upper structure i s proMbly variable 

and affected by f a u l t i n g . Refraction work may be possible on Faeroe 

Bank. Seismic r e f l e c t i o n p r o f i l e s over the Bank areas may allow the 

basement to be traced from Rockall Plateau to Faeroe Plateau and show 

that the continental crust i s probably continuous between them. Ref­

l e c t i o n p r o f i l e s should also define the probable continental margins both 

on the western side of the Rockall Trough and on the eastern side of the 

main North Atlantic Basin and so allow continental f i t t i n g to be carried 

out more accurately. 

Although r e f l e c t o r 'R' has been used as an age marker over most 

of the Rockall Trough, several older r e f l e c t o r s are present i n the 

Trough. I f these were dated they could provide more definite and precise 

ages f o r the major events i n the Trough and perhaps also i n the whole 

northeast A t l a n t i c . 
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Appendix A 
Navigation program AJJAV 

The program calculates courses, headings, v e l o c i t i e s and EotVds 

corrections frcan a s e r i e s of position fixes defined by latitudes and 

longitudes. 

Input. 

The input i s as follows:-

Time Day Latitude Longitude 
> Hours. Minutes, (degrees) (degrees) 

Format: 5X, 12 12 2X. 15 15X, F9.6 9K, F9.6 

The data i s ended by an ENDFILE. 

Output 

The output i s as follows:-

Timi pm^ Latitude Longitude g(?t. Corr. Velocity Headings 
(days) (degrees) (degrees) (mgal) (knots) (degrees) 

Format: 5X, F10.6, 5X, F9,6, 5X, F9.6, 5X, F10.5, 5X, P5.2, 5X, F7.3. 

The output i s usually stored on f i l e and then read d i r e c t l y into 

the gravity reduction program. 



T3=F IX{ J+4, 1 ) 
CA3=r-IX( J+4,2) 
C03=FIX(J+4,3) 
CALL CCHEC(CA1,CA2,CA2,CA3,C01,C02,C02,C03,IANS) 
V=VEL{CA2,CA3,C02,C03,T2,T3) 
IF{V.LT.15..AND.V.GT.3.5)G0 TO 1 
IANS=1 

1 IF(IANS.EO.O)GO TO 10 
IF(J.GE.JQ2)GG TO 12 
T4=FIX<J+6,I) 
CA4=FIX{J+6,2) 
C04=FIX{ J + 6,3) 
CALL CCHEC(CA2,CA3»CA3,CA4,C02,C03,C0 3,C04,TANS) 
V=VEL{CA3,CA4,Ca3,C04,T3,T4) 
IF{V.LT.15. .AN0.V.GT.3.5)G0 TO 2 
IANS=1 

2 rF< lANS.EQ.OGO TO 11 
IF(J.GE.JQ3)G0 TO 12 
CALL CCHEClCAl,CA2,CA2,CA4,CCI,C02,C02,C04,lANS) 
IF( lANS.EQ. DGO TO 12 
F I X { J + 4 , 2 ) = ( F I X ( J + 2 , 2 ) + F I X ( J + 6 , 2 ) ) / 2 . 
F I X ! J + 4 , 3 ) = ( F I X ( J + 2 , 3 ) + F l X ( J + 6 , 3 ) > / 2 . 
GO TO 10 

11 N(IC)=K+2 
J = J + 2 
GO TO 13 

12 N{IC)=K+5 
J = J + 5 
GO TO 13 

14 K=K+JQ-J 
MX=5 
N(IC)=K 
M=2 
MM=1 
N0 = 1 
DO 500 1=1,IC 

IC IS NUMBER OF COURSES. TAKE EACH COURSE SEPARATELY. 
WRITE(6,863)N(I) 

WRITE OUT NUMBER OF FIXES ON COURSE. 
863 F0RMAT(4H N I = I 4 ) 

N I = N ( I ) 
NNO=NO+N( I ) 

LEAVE OUT COURSE IF LESS THAN 5 FIXES. 
IFINI.LT.5)GQ TO 70 

ROTATE AXES UNTIL COURSE IS AT 45 DEGREES. 
AT1=FIX{N0,2) 
AT2=FIX(N0+NI-1,2) 
0NG1=FIX(N0,3) 
0NG2 = FIXIN0+NI-1 ,3 ) 
THET = DATAN2(AT2-AT1,ONG2-0NG1) 
ALPH=THET-0.7B54 
LIM=N0+NI-1 
DO 855 J=N0,LIM 
SPAR=FIX(J,3)*DCOS(ALPH)+FIX(J,2)«DSIN(ALPH) 



FIX{J,2)=FIX(J,2)*0C0S(ALPH)-F!X(J,3)*DSIN{ALPH) 
FIX(J,3)=SPAR 

855 CONTINUE 
C FACILITY IN NEXT PART TO CATER FOR ENDS OF COURSES 
C AND SHORT COURSES. 

854 IF(NI.GT.20)G0 TO 17 
NNO=NO+N(I ) 
IF(NI.LT.5)GQ TO 70 
I S=NO 

C FIT QUADRATIC LINE THROUGH FIXES. 
CALL POLRGtNI,FIX) 
NNO = NO+N(I ) 
Yl=FIX{NN0-l,2) 
Y2=FIX(N0,2) 
NNOP=NNO-I 
FIXA1=FIX(NN0-1,3) 
FIXA2=FIX{N0,3) 
DO 18 IN=N0,NN0P' 
FIXA3=FIX(IN,3) 
FIXA4=FIX(IN,2) 

C DROP ORIGINAL FIXES ONTO FITTED COURSE. 
CALL DROPIFIXAI,Y1,FIXA2,Y2,FIXA3,FIXA4) 
FIX( IN,3) = FIXA3 
FIX( IN,2)=FIXA4 

18 CONTINUE 
NO=NNO 
GO TO 16 

17 NNO=NO+N(I) 
NN0P=NN0-1 
NN06=NNa-12 
DO 190 JJ=N0,NN06,6 
IS = J J 
IF(JJ+19.GT.NN0-1)G0 TO 20 
CALL P0LRG(20,FIX) 
Y1=FIX(IS+19,2) 
Y2 = FIX( IS,2) 
IF} JJ.EQ.NO )G0 TO 21 
IS3=IS+7 
IS6=IS+12 
FIXA1=FIX( IS + 19,3) 
FIXA2 = FIX{ IS,3) 
DO 22 IN=IS3,IS6 
FIXA3=FIX(IN,3) 
FIXA4=FIX(IN,2) 
CALL DROP(FIXA1,Y1,FIXA2,Y2,FIXA3,FIXA4) 
FIX{IN,3)=FIXA3 
FIX!IN,2)^FIXA4 

22 CONTINUE 
GO TO 19 

21 IS6=IS+12 
FIXA1 = FI x r i S+19,3) 
FIXA2=FIX{ IS,3) 
DO 23 IN=IS,IS6 
FIXA3=FIX( IN,3) 



FIXA4=FIX(IN,2) 
CALL DR0P(FIXAl,yi,FIXA2,Y2,FIXA3,FIXA4) 
FIX( IN,3) = FIXA3 
FIX( IN,2)=FIXA4 

23 CONTINUE 
GO TO 19 

20 II=NNQ-IS 
IS=NN0-20 
CALL P0LRG(20,FIX) 
Y1=FIX(NN0-1,2) 
Y2=FIXC IS,2) 
NN0P=NN0-1 
IS3=NN0-II+7 
FIXA1=FIX(NN0-1,3) 
FIXA2=FIX{IS,3I 
DO 24 IN=1S3,NN0P 
FIXA3=FIX( IN,3) 
FIXA4=FIX(IN,2) 
CALL DROP(FIXA1,Y1,FIXA2,Y2,FIXA3,FIXA4) 
FIX(IN,3)=FIXA3 
FIXlIN,2)=FIXA4 

24 CONTINUE 
19 NN06=NN0-12 

190 CONTINUE 
70 NO=NNO 
16 CONTINUE 

P1=3.1415 9 
N I = N ( I ) 
NN=MK+NI-l 
IFINI.LT.5)G0 TO 632 

C ROTATE AXES BACK. 
DO 633 J=MM,NN 
SPAR = FIX( J ,3)*DC0S( ALPH)-FI XU,2)*DSIN( ALPH) 
FIX{J,2)=FIX(J,2)*DC0S{ALPH)+FIX(J,3)*DSIN{ALPH) 
FIX{J,3)=SPAR 

633 CONTINUE 
632 00 31 J=MM,NN 

IF<NI.LE.2)G0 TO 31 
IF{J.EQ.MM)GO TO 32 
IF(J.EQ.NN)GO TO 33 
T1=FIXIJ-1,1) 
T2=FIX(J,1) 
T3=FIX(J+1,1) 
AT1=FIX( J-1 ,2) 
AT2=FIX(J,2) 
AT3=FIX(J+1,2) 
0NG1=FIX(J-1,3) 
0NG2=FIX<J,3) 
0NG3=FIX(J+1,3) 

C CALCULATE VELOCITIES BETWEEN FIXES. 
Vl=VEL{ATl ,AT2,0NG1,0NG2,T1,T2) 
V2=VEL(AT2,AT3,0NG2,0NG3,T2,T3) 
V=(Vl+V2)/2. 
S6(J)=V 



C CALCULATE COURSES BETWEEN FIXES. 
CALL C0RS(AT1 ,AT2,0NG1,0NG2,C01) 
CALL CORS{ AT2,AT3,0N62,0NG3,C02) 
C03=DABS(CC2-C01) 
IF(C03.GT.2.)G0 TO 34 
CO={C02-C01)/2.+C01 
GO TO 35 

34 C0=(C02-C01)/2.+C01+PI 
IF{C0.LT.2 .*PI )G0 TO 35 
C0=C0-2.*PI 
AT2l=AT2=^2.*PI/360. 

35 CD3(J)=CC*360./(2.*PI) 
GO TO 31 

C FACILITY FOR END OF COURSES. 
32 T1 = F I X ( J , l ) 

T2=FIX<J+1,1) 
T3 = FIX(J+2,1 ) 
ATl^FIXJ J,2 ) 
AT2=FIX(J+1,2) 
AT3=FIX(J+2,2) 
0NG1=FIX(J,3) 
0NG2=FIX1J+1,3) 
0NG3 = FIX(J+2 ,3) 
V1=VEL<AT1,AT2,0NG1,0NG2,T1,T2) 
V2=VEL(AT2,AT3,0NG2,0NG3,T2,T3) 
V = (V1 + V2)/2 . 
S6(J) = V 
CALL CORS(ATI,AT2,0NGl,aNG2,CO) 
CD3(J)=C0*360./{2.*PI) 
A T l l = A T l * 2 . * P I / 3 6 0 . 
GO TO 31 

33 T1=FIXU-2,1) 
T2=FIX(J-1,1) 
T3=FIX{J,1) 
AT1=FIX( J-2,2) 
AT2=FIX(J-1,2) 
AT3=FIXiJ,2) 
0NG1=FIX(J-2,3) 
0NG2=FIX(J-1,3) 
0NG3=FI XI J ,3) 
V1=VEL(ATI,AT2,QNG1,0NG2,T1,T2) 
V2 = VEL1 AT2,AT3,0NG2,0NG3,T2,T3 ) 
V=(Vl+V2)/2. 
S6(J)^V 
CALL C0RS(AT1,AT2,0NG1,0NG2,C0) 
CD3(J) = C0*360./{2.*PI ) 
AT21=AT2*2.*PI/360. 

31 CONTINUE 
DO 400 J=MM,NN 
IF(NI.LT.5)G0 TO 30 
IF(J.EQ.MM)G0 TO 501 
Mf^l = MM+l 
IF( J.EO.MMUGO TO 502 
NN1 = NN-1 



IF( J.EO.NNDGO TO 503 
IF(J.EQ.NN)GO TO 504 
S7(J) = (S6{J)+S6(J-2)+S6( J + 2 ) ) / 3 . 
GO TO 30 

C SMOOTH VELOCITIES. 
501 S 7 I J ) = ( S 6 ( J ) + S 6 { J + 3 ) ) / 2 . 

GO TO 30 
502 S 7 { J ) = ( S 6 ( J ) + S 6 ( J + 2 ) ) / 2 . 

GO TO 30 
503 S 7 ( J ) = { S 6 t J ) + S 6 { J - 2 ) ) / 2 . 

GO TO 30 
504 S 7 ( J ) = { S 6 { J ) + S 6 ( J - 3 ) ) / 2 . 
30 CONTINUE 

C0=CD3(J)*2.*PI/360. 
AT=FIX(J,2)*2.*PI/360. 
EOTCONIJ)=7.487*S7{J)*DSIN{C0)*DC0S(AT) 

C OUTPUT TIMES,LATS,LONGS,EOT.CORRS,VELOCITIES,COURSES. 
300 WRITE(1,27)FIX(J,1) ,FIX(J,2),FT X(J ,3),EOTCONlJ),S7(J),CC3{J) 
27 FORMATl5X,F10.6,5X,F9.6,5X,F9.6,5X,F10.5,5X,F5.2,5X,F7.3) 

400 CONTINUE 
MM=MM+NI 

500 CONTINUE 
GO TO 9999 
STOP 
END 
FUNCTION SCALE(B) 

C FUNCTION WITH FORMP SCALES DISTANCES AT DIFFERENT 
C LATITUDES. 

DOUBLE PRECISION A ,AA ,FORMP, CALE 
Af 8 
AA=A-1 ./60 . 
CALE=1./(FORMP(A)-FORMP(AA)) 
SpAL E=CALE 
RETURN 
END 
FUNCTION FORMP(X) 

C USED' BY SCALE. 
DOUBLE PRECISION AK , THET , XX , X , XI , Y , Yl 
AK=7915.704456 
THET=(45.+X/2.)*0.01745327 
XX=X*0.01745327 
X1=DSIN(XX) 
Y=DTAN(THET) 
Y1=DL0G10(Y ) 
FpRMP = < AK*Y1)-23.3887 1'PX1-0.053042*X1 **3-C.000216523*X 1**5 
RETURN 
END 
SUBROUTINE C0PS(AT1,AT2,CNG1,CNG2,C0) 

C CALCULATES COURSE BETWEEN FIXES. 
DOUBLE PRECISION ATI,AT2,ONG1,0NG2,CO,PI,X,Y,T,AT 
P:I = 3.14159 
X=AT1-AT2 
Y=l0NGl-0NG2)*SCALE{ATI) 
T=DABSi Y/X) 



AT=DATAN(T ) 
IF(Y.LT.O.AND.X.GT.O)GO TO 12 
IF(Y.LT.O.ANO.X.LT.0)G0 TO 11 
IF(Y.GT.O.AND.X.GT.O)GO TO 13 
GO TO 10 

11 AT=2.*PI-AT 
GO TO 10 

12 AT=PI+AT 
GO TO 10 

13 AT=PI-AT 
10 CO=AT 

RETURN 
END 
SUBROUTINE DROP!XI,Yl,X2,Y2,X3,Y3) 

C DROPS FIX PERPENDICULARLY ONTO COURSE. 
CpMMON/DOUB/COEl,C0E2,C0E3 
DOUBLE PRECISION XI,X2,X3,Yl,Y2,Y3,COE1,C0E2,C0E3 , A , B, C , 

1D,E,F,Z ,X31,Y31 
IF{COE1.EQ.O.)G0 TO 10 
Z=-(X2-X1)/lY2-Y1) 
D-Y3+X3*1X2-X1)/(Y2-Yl) 
AfCOEl 
B=C0E2 
C=C0E3 
E={B-Z)**2-4.*A*{C-D) 
IF(E.LT.O.)GO TO 2 
X31=I-(B-Z)+DSQRTJE))/2./A 
IF(DABS(X31-X3).GT.0.5)GO TO 3 
X3=X31 
GO TO 4 

3 X3=I-(B-Z)-DSQRT(E))/2./A 
4 F=({B*Z-Z«*2-2.*A*D)**2-4.*A*(A*D**2-B*0*Z+C*Z**2))/Z**4 

IF(f.LT.O.)G0 TO 2 
Y31=(-{B*Z-Z**2-2.*A*D)/Z*«2+DSQRT(F))/(2.*A/Z**2) 
IF(DABS(Y31-Y3).GT.0.5)G0 TO 5 
Y3=Y31 
GO TO 6 

5 Y3=(-(B*Z-Z**2-2.*A*D)/Z**2-DSQRT(F))/{2.*A/Z**2) 
GO TO 6 

10 X3=t COE2*Y3+X3-C0E2*C0E3)/{1+C0E2**2) 
Y3=C0E2*X3 + C0E3 
Gp TO 6 

2 WRITE(MX,1) 
1 FORMAT{'IMAGINARY ROOT IN DROP*) 
6 RETURN 
• END 

SUBROUTINE CCHEC ( A1, A2 , A3 , A4 , Bl , 82 , B3 , B4 , lANS ) 
C CHECKS FOR COURSE CHANGES BETWEEN 3 FIXES. 
C 'EXS' MUST BE CHANGED FOP DIFFERENT TOLERANCES OF CHANGE. 

DIMENSION C0<3) 
DOUBLE PRECISION Al,A2,A3,A4,B1,B2,B3,B4,CO,PI,EXS,X,Y, 
1T,AT,EXS1,EXS2,TOL 
PI=3.14159 
EXS=30. 



X=A1-A2 
Y=((B1-B2)*SCALE{Al)) 
T=DABS(Y/X) 
AT=DATAN1T) 
IF(Y.LT.0.AN0.X.GT.0)G0 TO 12 
IF(Y.LT.O.AND.X.LT.O)G0 TO 11 
I F{ Y.GT.O.AND.X.GT.O)G0 TO 13 
GO TO 10 

11 AT=2.*PI-AT 
GO TO 10 

12 AT=PI+AT 
GO TO 10 

13 AT=PI-AT 
10 C0(1)=AT*360./2./PI 

X=A3-A4 
Y={{ B3-B4)*SCALE( A3) ) 
T=0ABS(Y/X) 
AT=0ATAN( T) 
IFIY.LT.O.AND.X.GT.O)GO TO 16 
IFIY.LT.O.AND.X.LT.O)GO TO 15 
IF(Y.GT.O.AND.X.GT.0)60 TO 17 
GO TO 18 

15 AT=2.*PI-AT 
GO TO 18 

16 AT=PI+AT 
GO TO 18 

17 AT=PI-AT 
18 C0(3)=AT*360./2. /PI 

EXSl=EXS/2. 
EXS2=360.-EXS1 
IF(CO(1).GT.EXS2.AN0.C0(3) 
IF(C0(3).GT.EXS2.AND.C0{ 1) 
T0L=DA8S<C0(1)-C0(3)) 
IF{TOL.LE.EXS)GO TO 20 
IANS=1 
GO TO 21 
IANS=0 
RETURN 
END 
SUBROUTINE POLRG(N,ARRAY) 

FITS QUADRATIC COURSE THROUGH FIXES. 
DIMENSION ARRAY( 1000, 3) ,X(70) ,Dn4),D(8),B(3),SB{3),T{3),E(3),XBAR 
1(4),STD(4),C0E(8),SUMSO(8),ISAVE(8),ANS(10),P(1) 
COMMON/DOUB/COEl,C0E2,C0E3 
DOUBLE PRECISION DI,DET , B , T , XBAR,STD,SUMS0,DI,E,SB,ANS, X,C, ARR AY , 

ICOEl,C0E2,C0E3 
COMMON/INT/MX,MY,M,IS,IDEGR 
L=N*M 
DO- 110 1=1 ,N 
J = L + 1 
KK=IS+I-1 
X( I )=ARRAY(KK,3) 
XU )=ARRAY(KK,2) 

HO CONTINUE 

LT.EXSDGO TO 
LT.EXSDGO TO 

20 
20 

72 

20 
21 



C GDATA, ORDER, MI NV AND f̂ .ULTR ARE FROM IBM SSP. 
C THEY OCCUR IN LISTING CONVERTED TO DOUBLE PRECISION. 

CALL GDATA(N,M,X,XBAR,STD,D,SUMSQ) 
MM=M+1 
SUM=0.0 
NT=N-1 
DO 200 1=1,M 
I S A V E ( I ) = I 
CALL ORDER(MM,D,MM,I,ISAVE,DI,E) 
CALL M1NV(DI,I,DET,B,T) 
CALL MULTR(N,I,XBAR,STD,SUMSQ,DI,E,I SAVE,B,SB,T,ANS) 
IF(ANS<7))240,230,230 

230 SUMIP=ANS(4)-SUM 
IF(SUMIP)240,240,250 

250 SUM=ANS(4) 
200 CONTINUE 
240 C0E3 = ( ANSd ) ) 

C0E2=(B( 1 ) ) 
C0E1 = (B(2) ) 
«RITE(6,278)C0E1,C0E2,C0E3 

278 F0RMAT{2H F 10.2,F10.2,F10.2) 
2 RETURN 
END 
FUNCTION VEL(X1,X2,Y1,Y2,T1,T2) 

C CALCULATES VELOCITY BETWEEN TWO FIXES. 
DOUBLE PRECISION XI,X2,Yl,Y2,Tl,T2,D,T,SCALE 
0=DSORT({Xl-X2)*«2+((Yl-Y2)*SCALE(XU)««2) 
T=(T2-T1)*24. 
VEL = 60.*D/T 
RETURN 
END 
SUBROUTINE GDATA (N,M,X,XBAR,STD,D,SUMSQ) 
DIMENSION X {1) ,X8AR( 1) ,STD( 1 ), D(1 ), SUMSQ(1 ) 
DOUBLE PRECISION X,XBAR,STD,D,SUMSQ,Tl,T2 
I F ( M - l ) 105, 105, 90 

90 L1=0 
DO 100 1=2,M 
L1=L1+N 
DO 100 J=1,N 
L=L1+J 
K = L-N 

100 X(L)=X(K)*X(J) 
10 5 MM=M+1 

OF = N 
L=0 
DO 115 1=1,MM 
XBAR(I)=0.0 
00 110 J=1,N 
L = L+1 

110 X B A R ( I ) = X8AR{I )+X J L) 
115 X B A R < I ) = X B A R n ) / D F 

DO 130 1=1,MM 
130 STD(I)=0.0 

L=((MM+1)*MM)/2 



DO 150 1=1,L 
150 D ( I ) = 0 . 0 

DO 170 K=1,N 
L=0 
DO 170 J=1,MM 
L2=N*(J-l)+K 

• T2=X(L2)-XBAR(J) 
STD(J)=STD(J)+T2 
DO 170 1=1,J 
L l = N * a - l ) + K 
T1=X IL1)-XBAR(I ) 
L = L+1 

170 D(L )=DIL) + Tl*T2 
L=0 
DO 175 J=1,MM 
DO 175 1=1,J 
L = L + 1 

175 DID=D(L)-STD{I)*STD(J)/DF 
L=0 
DO 180 1=1,MM 
L = L+I 
SUMSQtI)=D(L) 

180 STD{I)= DSQRT( DABS(D(L))) 
L=0 
DO 190 J=1,MM 
DO 190 1=1,J 
L = L+1 

190" D(L)=D(L)/{STD(I )*STD(J) ) 
DF=SQRT(DF-1.0) 
DO 200 1=1,MM 

200 STD(I)=STD(I)/DF 
RETURN 
END 
SUBROUTINE MINV(A,N,C,L,M) 
DIMENSION A U ) ,L{ 1) , M U ) 
DOUBLE PRECISION A,D,BIGA,HOLD 
D = 1.0 
NK = -N 
DO 80 K=1,N 
NK=NK+N-
L(K )=K 
M(K)=K 
KK=NK+K 
BIGA=A(KK) 
DO 20 J=K,N 
IZ=N*(J-1) 
00 20 I=K,N 
I J = I Z + I 

10 I F t DABS(BIGA)- DABS(A(IJ))) 15,20,20 
15 BIGA=A( I J ) 

L ( K ) = I 
M(K)=J 

20 CONTINUE 
J=L(K) 



I F I J - K ) 35,35,25 
25 KI=K-N 

DO 30 I=1,N 
KI=KI+N 
HOLD=-A(KI ) 
JI=KI-K+J 
A I K I ) = A ( J I ) 

30 A { J I ) =HOLD 
35 I=M1K) 

IFd-K.) 45,45,38 
38 J P = N * ( I - i ) 

DO 40 J=1,N 
JK=NK+J 
JI=JP+J 
HOLD=-A(JK) 
A(JK)=A< J I ) 

40 A { J I ) =HGLD 
45 IF(BIGA) 48,46,48 
46 D=0.0 

RETURN 
48 DO 55 1 = 1,N 

I F ( I - K ) 50,55,50 
50 IK=NK+I 

A( IK) = A( IK )/(-BIGA) 
55 CONTINUE 

DO 65 I=1,N 
IK=NK+I 
HOLD=A(IK) 
I J = I - N 
DO 65 J=1,N 
IJ = I J + N 
I F t l - K ) 60,65,60 

60 I F { J - K ) 62,65,62 
62 KJ=IJ-I+K 

A ( I J ) = HOLD*A(KJ)+AnJ) 
65 CONTINUE 

KJ=K-N 
DO 75 J=1,N 
KJ=KJ+N 
I F ( J - K ) 70,75,70 

70 A(KJ)=A{KJ)/BIGA 
75 CONTINUE 

D=0*BIGA 
A(KK » = 1.0/BIGA 

80 CONTINUE 
K = N 

100 K=IK-1) 
I F I K ) 150,150,105 

105 I=L(K) 
I F I I - K ) 120,120,108 

108 JQ=N*(K-1) 
JR=N*( I - l ) 
DO 110 J=1,N 
JK=JQ+J 



H 0 L D = A ( J K ) 
JI=JR+J 
A ( J K ) = - A ( J I ) 

110 A(J I ) =H0LD 
120 J=M(K) 

IF ( J - K ) 100,100,125 
125 KI=K-N 

DO 130 1=1,N 
KI=KI+N 
HOLD=A(KI) 
JI=KI-K+J 
A I K I ) = - A { J I ) 

130 A(J I ) =HOLD 
GO TO 100 

150 RETURN 
END 
SUBROUTINE ORDER (F,R,NDEP,K,IS AVE,RX,RY) 
DIMENSION R( 1 ) , ISAVEd ) ,RX( 1) ,RY( 1) 
DOUBLE PRECISION R,RX,PY 
MM=0 
00 130 J=1,K 
L2=ISAVE(J) 
IF(NDEP-L2) 122, 123, 123 

122 L=NDEP+(L2*L2-L2)/2 
GO TO 125 

123 L=L2+(NDEP*NDEP-NDEP)/2 
125 RY(J)=R(L) 

DO 130 1=1,K 
Ll = ISAVE( I ) 
l F a i - L 2 ) 127, 128, 128 

127 L=Ll+lL2*L2-L2)/2 
GO TO 129 

128 L=L2+(L1*L1-L1)/2 
129 MM=MM+1 
130 RX{MM) = R(L ) 

ISAVE(K+1)=NDEP 
RETURN 
END 
SUBROUTINE MULTR { N, K , X B AR , S TD, D, RX , RY , IS AV F, 8, S B, T, AN S ) 
DIMENSION XBAR( 1) , STD( 1) ,D( 1) ,PX( 1) ,RY(1) ,1 SAVEd ) ,B(1 ) ,S8( I ) , 

1 T(1),ANS(1) 
DOUBLE PRECISI ON XBAR ,STD,D,RX,RY,B,SB,T,ANS,RM,BO,SSAP,SSDR, SY, 
1FN,FK,SSARM,SSDRM,F 
MM=K+1 
DO 100 J=1,K 

100 B{J)=0.0 
DO 110 J=l,K 
L1=K*{J-1) 
DO 110 1=1,K 
L = L l + I 

110 B { J ) = B ( J ) + R Y { I ) * R X I L ) 
RM =0 .0 
B0=0.0 
LI=ISAVE(MM) 



DO 120 1=1,K 
RM=RM+B(Ij*RYlI) 
L=ISAVE{I) 
B ( I ) = B ( I ) * ( S T D ( L 1 ) / S T C { L ) ) 

120 BO=BO+B(I)*XBARIL) 
B0=XBAR{L1)-B0 
SSAR=RM*D(L1) 

122 RM=OSQRT(DABS{RM) ) 
SSDR=0{L1)-SSAR 
FN=N-K-1 
SY=SSDR/FN 
DO 130 J=1,K 
L1=K«( J - l ) + J 
L=ISAVE(J ) 

125 S8{J)= DSQRTI DABS{(RX{LI)/01L))*SY)) 
130 T ( J ) = 8 ( J ) / S B ( J ) 
135 SY=DSQRT{DABS(SY)) 

FK=K 
SSARM=SSAR/FK 
SSDRM=SSDR/FN 
F=SSARM/SSDRM 
ANSI 1) = 80 
ANS(2)=RM 
ANS(3)=SY 
ANS(4)=SSAR 
ANS(5)=FK 
ANS(6)=SSARM 
ANS{7)=SSDR 
ANSI8)=FN 
ANSI9)=SSDRM 
ANSI 10)=F 
RETURN 
END 
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Appendix B 
Di g i t i s a t i o n of gravity records 

The paper chart analogue records were di g i t i s e d on a B-Mac Pen 

Follower table. The Pen-Follower produces punched paper tape which i s 

read by an IBM 1130 computer. The computer calculates, from the data on 

the tape, the gravity readings at the di g i t i s e d points. 

The points A, B and C ( F i g , 5 8 ) are f i r s t d i g i t i s e d to define the 

position of the chart on the table. The times at A and B, T^ and Tg, are 

also punched onto the tape. The gravimeter spring tension and the f u l l 

scale reading are punched i n and then the analogue trace on the record i s 

d i g i t i s e d . The computer calculates the gravity values i n gravimeter imits 

and outputs them on cards together with the times of the readings and the 

spring tensions. 

Paper.chart 

•Mac Table 

F i g u r e 58. D-Mac Pen Follower d i g i t i s a t i o n of g r a v i t y records. 
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Appendix C 

Wide-angle r e f l e c t i o n results 

The following resxilts were calculated by A.&, McKay, 

University of Durham from data collected on the 1 970 cruise. 

The table overleaf shows the i n t e r v a l v e l o c i t i e s and thicknesses 

obtained from a r r i v a l s interpreted as wide-angle r e f l e c t i o n s . 

Station 2, near S t / K i l d a i s the only shallow water station. 

Wide angle reflections were completely obscured by seabed multiples, 

but refracted a r r i v a l s stand out clearly, showing the usefulness of t h i s 

techniqvie f o r shallow r e f r a c t i o n work. 

Station 6 appears t o exhibit a v e l o c i t y reversal with depth, but 

the quoted standard errors show that t h i s need not be so. This i s one of 

the poorer stations, w i t h much sea-noise on the record. 

The record from station 1, to the southwest of the Anton-Dohm 

Seamount i s one of the clearest and allowed the determination of i n t e r v a l 

v e l o c i t i e s to over 4 km beneath the seabed. The v e l o c i t i e s i n layers 3 

and 4 are t3rpical of consolidated sediments. 

Station 3 i s 24 km east of an unreversed refraction l i n e of Ewing 

and Ewing (19^9) where they observed a 2.48 km thickness of semi-

consolidated sediments w i t h a velocity of 2.08 kn/s. At station 3 we 

observe a t o t a l of 2.0 km of semi-consolidated sediments with about the 

same v e l o c i t y . 

The station positions are marked on Fig,6, 
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Appendix D 

Gravity interpretation program &BAVZ 

This program calculates the gravity anomaly caused by a model 

made up of layers and individual bodies of specified densities. The 

calculated anomaly i s compared to the obseived anomaly. The station 

points, bathymetry and observed gravity values are read i n from the 

standard data bank. 

Input. 

The data from the data bank i s read i n under Logical Unit No.1. 

A l l other data i s read i n under Logical Unit No. 8, 

Both sets of data are ended by an ENDFILE. 

The data bank card format i s : -

Time. Distance. Latitude .Longitude, Bathymetry. Pree-air Bouguer Magnetics, 
gravity, gravity. 

(days) (km) (degrees) (degrees) (km) (mgalj (mgal) (gamma) 

Poimat: P11.5 i;9.3 1*12,6 P12.6 P7.4 P9.3 F9.3 P11.1 

Program i s set up to use station points at 2 km int e r v a l s . Other input 

data i s as follows:-

1st Card, Either 1.0 or -1.0. Format:- PIO.O, +ve indicates that 

bathymetry from data i s to be used, -ve indicates that i t i s 

not t o be used. 

2nd Card. T i t l e . Format:- 80A1. 

3rd Card, Density of f i r s t layer, spacing of body points. No, of body 

points. Format:- 2P10.0, 110, 

4th Card, Depths of body points. F i r s t point must l i e below f i r s t 

s t a t ion point. Format:- 8P10,0. Cards continue u n t i l 

• a l l body points have been read i n . 

Next Card. As f o r 3rd card but f o r next layer. Cards continue u n t i l -

a l l layers have been read i n . 

Card a f t e r l a s t layer i s ENDFILE i f data i s finished or 

0,0 (Format:- PI0,0) i f individual bodies are to follow. 
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Next Card, Demsity contrast of individual body, No, of body 

points. Pomat:- P10, 110. 

Next Cards. Body point x-coord., body point z-coord. Repeat i r n t i l 

a l l body points are read i n . Format:- 8P10,0, 

Next Card. Data f 6 r next individual body or ENDFILE i f data i s 

finished. 

Output. 

A l l the model data i s printed out followed by station point values 

of:-

Day, Time, Distance, Bathymetry, Observed Anomaly, Calculated Anomaly, 

Difference, Bouyancy inequilibrium. 

N.B. Boiayancy inequilibrium has no meaning i f individual bodies have been 

used i n the model. 



23 X1=80DX{K) 
Z1=B0DZ(K) 
X2=B0DX{K+1) 
Z2=B0DZ(~K + 1 ) 

24 HYP=RR(X1,X2,Z1,Z2) 
SI=(Z2-Z1)/HYP 
CI = <X1-X2 )/HYP 
I F { X 2 - P ( I ) ) 3 1 , 3 2 , 3 1 

32 P2=PIB2 
GO TO 33 

31 P2=ATAN2{Z2,X2-P(I ) ) 
33 I F { X 1 - P ( I ) ) 4 1 , 4 2 , 4 1 
42 P1=PIB2 

GO TO 43 
41 P1=ATAN2(Z1,Xl-P(I)) 
43 IFIX2.EQ.P{I))X2=P{I)+0.001 

IF( X1.EQ.P( I ) ) X l = P ( n+0.001 
R=RR(X2,P(I),Z2,0.)/RR(X1,P(I),Z1,0.) 
AP=2.*GC*RH0*{-( ( X l - P d ) )*SI + Z1*CI )«(S1-AL0G(R)+CI*{P2-P1 ) ) + 

1 Z2*P2-Z1*P1) 
IF{B0DZ{K + 1).GT.BODZ(K)) ACAL{I) = ACAL( I)+AP 
IFlBODZlK+D.LE.BQDZiK) ) ACAL { I ) =AC AL 11 )-AP 

30 CONTINUE 
RETURN 
END 
SUBROUTINE GRAVN(P,NX,RHO,BODX,BOOZ,N,ACAL) 

C THIS SUBROUTINE CALCULATES THE ANOMALY CAUSED BY AN INDIVIDUAL 
C BODY FED INTO PROGRAM AFTER THE LAYERS. 

DIMENSION P{500),ACAL(500),BODX(1000),BODZ(1000) 
RR(X,P,Z,ZD)=SQRT((X-P)**2+{Z-ZO)**2) 
DATA PIB2,GC/I.570796,6.667/ 
N=N-1 

12 DO 30 1=1,NX 
ACAL(I)=0. 
DO 30 K=l,N 
IF(B0DZ(K+1) .EQ.BOD.Zl K) )GOTO 30 
IFlB0DZ(K + 1) .GT.BODZ(K))G0 TO 23 
X1=B0DX<K+1) 
Z1=B0DZ(K + 1 ) 
X2=B0DX(K) 
Z2=B00Z(K) 
GO TO 24 

23 X1=B0DX{K) 
Z1=B0DZ(K) 
X2=B0DX(K+1) 
Z2=800Z(K+1) 

24 HYP = RR(X1,X2,Z1,Z2) 
SI={Z2-Z1)/HYP 
CI = ( X1-X2) /HYP 
I F { X 2 - P ( I ) ) 3 1 , 3 2 , 3 1 

32 P2=PIB2 
GO TO 33 

31 P2=ATAN2(Z2,X2-P(I)) 
33 I F ( X 1 - P ( I ) ) 4 1 ,42,41 



42 P1=P IB2 
GO TO 43 

41 P1=ATAN2(Z1,X1-P(I)) 
43 IF(X2.EQ.P(I))X2=P(I)+0.001 

IF(X1.EQ.P(I))X1=P(I)+0.001 
P = RR ( X2,P( I ) ,Z2,0. ) /RR( XI ,P( I ) ,Z1 ,0. ) 
AP=2.*GC*RHO*(-((Xl-P(I) )«SI+Z1*CI)*(SI«ALOG(R)+CI*(P2-P1)) + 

1 Z2*P2-Z1*P1 ) 
IF{ BODZ(K + 1).GT.BODZ^ K)) ACAL(I)=ACAL(I) + AP 
IF{B00Z(K+1).LE.BODZ(K) ) ACAL( I ) = ACAL(I)-AP 

30 CONTINUE 
RETURN 
END 

C MAIN PROGRAM 'GRAVZ'. 
C CALCULATES ANOMALY CAUSED BY A BODY DEFINED IN LAYERS AND 
C INDIVIDUAL BODIES AND COMPARES IT TO THE OBSERVED ANOMALY. 

DIMENSION DAY(500),DIST(500) , BATH(500),OBS(500) ,ARX(500),CMX(500), 
1 ANOMW(500),DM(500),ANOM(500),80UY{500),NAME(20),DMZ( 500) 
LAYER=1 
DENW=1.03 
BASE=40.0 
VELW=1.48 
DO 900 I=l»500 

C READ IN STATION POINT DISTANCES AND OBSERVED ANOMALY FROM 
C STANDARD DATA BANK. 

READd, 10, EN0=14)DAY{1) ,DIST( I ) ,BATH( I ) ,OBS( I ) 
10 F0RMAT(F11.5,F9.3,24X,F7.4,F9.3,///) 

900 CONTINUE 
C READ IN 0 FOR YES IF BATHYMETRY DATA FROM DATA BANK IS NOT 
C TO BE USED IN MODEL. READ IN +VE IF IT IS. 

14 READ(8,103)YES 
IF{YES)13,12,12 

12 NX=I-1 
C CALCULATE ANOMALY OF WATER LAYER AND STORE. 

DO 400 J=1,NX 
ARX(J)=0. 
DMX(J)=BATH(J) 
BOUY(J)=DENW*BATH(J) 

400 CONTINUE 
CALL GRAVY{ARX,BATH,DIST,DENW,NX,ANOMW) 
GO TO 701 

13 NX=I-1 
DO 50 1=1,NX 
BATH{I)=0. 
DMX{I)=0. 
ANOMW{I)=0. 

50 CONTINUE 
701 READ(8,84)(NAME{I),1=1,20) 

C READ IN NAME OF PROFILE OR INTERPRETATION. 
84 F0RMAT(20A4) 

WPITE(6,85)(NAME{I ) , I = 1,20) 
85 F0RMAT(5X,20A4) 

C READ IN DETAILS OF FIRST LAYER. DENSITY CONTRAST, SPACING 
C OF BODY POINTS AND NUMBER OF BODY POINTS. 



C DENSITY IS READ IN AS 0.0 IF LAST LAYER HAS BEEN READ AND 
C AN INDIVIDUAL BODY IS TO COME. ENDFILE FINISHES ALL DATA. 

700 READ(8,103,END=600)DENS,SPAC,NOM 
103 FORMATt2F10.0,110) 

IFIDENS.EQ.0.0)G0 TO 601 
C READ IN DEPTHS OF BASE OF LAYER IN CORRECT ORDER. 

DO 500 I=1,N0M,8 
17=1+7 
REA0{8,30){DM(II),11=1,17) 

30 FORMAT(8F10.0) 
500 CONTINUE 

WRITE(6,81 )LAYER 
81 F0RMAT(///20X,'LAYER NO.'13) 

WRITE(6,82)SPAC,DENS 
82 fORMAT(/5X,•SPACING OF PQINTS=',F5.1,•KMS. DENSITY=«F5 .2 , 

1 'GRMS./CC.') 
WRITE (6,83) (DMd) , I = 1,N0M) 

83 FQRMAT(10F10.4) 
DO 102 1=1,NX 
I X = I F I X ( i D I S T ( I ) - D I S T ( l ) ) / S P A C ) + l 
IX1=IX+1 
A R X ( I ) = ( D I S T ( I ) - D I S T { l ) - ( F L C A T ( I X - l ) * S P A C ) ) / 
1SPAC=«=(0M( IX1)-DM( IX) )+DM( I X) 

C CALCULATE BOUYANCY ANOMALY OF LAYER. 
BOUYd)=BOUY{I)+DENS*(ARX{I)-DMX(I)) 

102 CONTINUE 
C CALCULATE ANOMALY OF LAYER. 

CALL GRAVY( DMX,ARX,DI ST , DENS , NX , ANO(^) 
DO 800 1=1,NX 
ANOMWI n=ANOMW(I ) +ANCM( I ) 
DMX( I ) = ARX( I ) 

800 CONTINUE 
LAYER=LAYER+1 
GO TO 700 

C READ IN INDIVIDUAL BODY DATA. DENSITY CONTRAST AND NUMBER 
C OF BODY POINTS. 

601 ReA0(8,602,END=600)DENS,NOP 
602 F0RMAT(F10.0,110) 

C READ IN BODY POINTS. X COORD THEN Z COORD. 
READ(8,30)(DMX(I),DMZ(I),I=1,N0P) 
WRITE(6,604)DENS 

604 F0RMAT(5X,'INDIVIDUAL BODY OF RELATIVE DENSITY', 
1 F5.2,'GRMS./CC.') 
WRITE(6,605) (DMX( T ) , DMZ ( I ) ,1 =1 , NOP) 

605 F0RMAT(5X,'POSITIONS OF BODY POINTS ARE',/, 
1 10X,»DEPTH(KMS.) POSIT 1CN(KMS.)•, 
2 {/,2F20.2) ) 

C CALCULATE ANOMALY OF BODY. 
CALL GRAVN(DIST,NX,DENS,DMX,DMZ,NOP,ANOM) 
DO 606 1=1,NX 
ANOMW(I)=ANOMW(I)+ANOM(I) 

606 CONTINUE 
GO TO 601 

C CALCULATE REGIONAL FRCM FIRST POINT. 



600 REG=ANOMW(1)-OBS(1) 
BAY=B0UY(1) 
WRITE(6, 74) 

74 FORMAT(///5X,•DAY TIME DIST. BATH. OBS.ANOM. • 
1 'CALC.ANOM. OIFF. ISOSTASY.') 

C SUBTRACT REGIONALS. CALCULATE DIFFERENCES BETWEEN CALCULATED 
C AND OBSERVED. 

DO 100 J = l ,NX 
BOUY(J)=BOUY(J)-BAY 
ANOMW(J)=ANOMW{J)-REG 
DIFF=ANOMW(J)-OBS(J) 
IDAY=IF IX(DAY(J)) 
IY1=IFIX{(DAY(J)-FL0AT(ICAY))*24,+0.05) 
IY2=I FIX! (DAY( J)-FLOAT( IDAY)-FLOAT( I YD/24. )*1440.+0.5 ) 

C WRITE OUT RESULTS. BOUYANCY HAS NO MEANING IF INO. BODIES PRESENT. 
WRITE(6,75)IDAY,IY1 ,IY2,DIST( J) ,BATH{ J),OBS (J ), ANOMWCJ ) , 
1DIFF,B0UY( J ) 

75 F0RMAT(/I8,I6,I2,F11.1,F9.3,F11.1,F14.1,F10.1,F11.2) 
100 CONTINUE 

STOP 
END 
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