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INTRODUCTION 

The I n s t i t u t e of Oceanographic Sciences (IDS) has under taken t h r e e 

geophysical surveys over the e a s t e r n Grand Banks c o n t i n e n t a l margin. A 

shipboard grav imeter was opera ted on a l l t he se c r u i s e s and a compila t ion 

of the data has been merged with the Natural Resource map s e r i e s of 

Atlant ic o f f shore Canada (Canadian Hydrographic Serv i ce , 1974). The 

resu l tant chart , in two s h e e t s , covers the eas t Grand Banks continental 

margin e a s t of 50°W a t a s c a l e of 1 :1 ,000 ,000 . 

Figure 1 shows the general bathymetry of the region and o u t l i n e s the 

area covered by t h i s r e p o r t . The area c o n s i s t s of both r i f t e d and t r a n s f o r m 

type margins ; with the c o n t i n e n t a l f ragments of Flemish Cap and Orphan Knoll 

forming major ba thymetr ic f e a t u r e s . R i f t e d margins l i e a d j a c e n t to the 

Newfoundland Basin and nor th of Flemish Cap, whi le t r a n s f o r m margins a re 

p r e s e n t e a s t of Flemish Cap and south o f . t h e Grand Banks (Haworth & Keen, 

1979; Keen and B a r r e t t , 1981; Miles & Masson, in p r e p . ; S u l l i v a n , 1983). 

R e l a t i v e l y deep water b a s i n s , Flemish Pass and Orphan Bas in , l i e between 

the c o n t i n e n t a l f ragments and a d j a c e n t c o n t i n e n t a l s h e l v e s . Seismic r e f r a c t i o n 

s t u d i e s show these bas ins to be two a reas of deeply subs ided c o n t i n e n t a l 

c r u s t c h a r a c t e r i s e d by ex t ens ive c r u s t a l t h inn ing (Keen and B a r r e t t , 1981). 

Masson and Miles (in p r e p . ) propose t h a t the Newfoundland Basin has the 

o l d e s t r i f t e d margin in t h i s region formed by a p ropaga t ing r i f t which 

migrated northwards from the SE Newfoundland Ridge between Haute r iv ian 

time (118 Ma, magnetic anomaly M4) and the lowermost Aptian (112 Ma, 

anomaly MO) using the t imesca le of Kennedy and Odin (1982) . The s e a - f l o o r 

spreading c e n t r e i s i n t e r p r e t e d to have te rmina ted a t a t r ans fo rm boundary 

separating Flemish Cap and Galicia Bank (Iber ia) to the eas t . 

DATA SOURCES 

Two major sources of data have been used in the p r e p a r a t i o n of t he se 

c h a r t s : 

(1) Unpublished survey data from the fo l lowing IDS cru i se s : 

S t a r e l l a 1/79, F a r n e l l a 1 + 2/81 and Discovery 111, These 

data were compiled at 1:1 ,000,000 during the c r u i s e s . 

(2) Published contour maps: 

Twenty-one sheets from the Canadian 1:250,000 f ree -a1r grav i ty 

na tu ra l resource maps (Canadian Hydrographic S e r v i c e , 1974; 
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Haworth, 1974; Haworth and Mclntyre , 1975). 

Figure 2 shows the combined lOS tracks and areal coverage of the 

Natural Resource maps. The Canadian data, being part of an extens ive 

survey of o f f s h o r e e a s t e r n Canada, are p r i m a r i l y c o n f i n e d to the s h e l f 

a r e a s and do not extend to Orphan Knoll or out i n to t h e Newfoundland 

Basin (Figure 3) . Figure 3 a l so shows t h a t the 1 x 2 deg. shee t 

coverage f o r the area of t h i s r e p o r t , i d e n t i f i e d by t h e Marsden subsquare 

n o t a t i o n . 

The merging of these two data s e t s provides a continuous measurement 

of t h e f r e e - a i r gravity f i e l d ac ross the e a s t e r n Grand Banks margin. 

DATA REDUCTION 

All I OS g r a v i t y data were t i e d to the I n t e r n a t i o n a l Gravi ty S tan-

d a r d i z a t i o n Net 1971 (IGSN71, lAG, 1971a) using land grav imeter 

connec t ions t o g r a v i t y base s t a t i o n s a t Hull (UK), S t . Johns (Newfoundland) 

and Bedford I n s t i t u t e of Oceanography ( H a l i f a x , Nova S c o t i a ) . The lOS 

data were reduced t o the 1967 I n t e r n a t i o n a l Geodet ic Reference System 

GRS 1967 (lAG, 1971b). With the except ion of two s h e e t s (marked * in 

Figure 3 ) , the Canadian data were t i e d to the Potsdam system and reduced 

to the e a r l i e r GRS 1930 (lAG, 1971b). To t rans form t h e Canadian da ta 

i n t o va lues compatible with the I OS data s e t , t he Natura l Resource 

maps were recontoured dur ing reduc t ion from 1 :250,000 t o 1 :1 ,000 ,000 

a f t e r the a d d i t i o n of 6 .5 mgal. (lAG, 1971b). 

DATA ACCURACY 

The accuracy of marine g r a v i t y measurements i s l i m i t e d by the accuracy 

of the sh ip nav iga t ion mainly because the Eotvos c o r r e c t i o n , which i s 

dependent on the p o s i t i o n , course and speed of the s h i p , i s very s e n s i t i v e 

t o small e r r o r s . In a d d i t i o n , the IOS data were not c o r r e c t e d f o r g rav imete r 

d r i f t , which on the Farnella c r u i s e rose to 0 .25 m i l l i g a l per day. 

The cons i s t ency of the data can be a s se s sed from t h e comparison of 

measured values at track cross-over points . The Canadian data have a 

root mean square cross-over error of 3.30 m i l l i g a l s f o r the whole map 

ser i e s (Haworth, 1974), c o n s i s t e n t with a contour interval of 5 m i l l i g a l s . 

The lOS data had 33 cross-over points of which 4 were used to t i e in 



a poorly constrained S tare l la track over Orphan Knoll and another 5 

were excluded from the s t a t i s t i c s owing to e x c e s s i v e errors introduced 

by course changes or high gravi ty gradients . The r o o t mean square 

cross-over error for the remaining IOS data was 3 . 1 8 m i l l i g a l s . 

FREE-AIR ANOMALY CHARTS 

The c h a r t s , i n s i d e back cover, a re two shee t s con toured at 10 m i l l i g a l 

i n t e r v a l s a t a s c a l e of 1 :1 ,000 ,000 a t 46°N. Anomaly values a t the f o o t 

of the con t inen ta l s l o p e , in Orphan Basin and on t h e s h e l f below minus 

10 m i l l i g a l s a re shaded f o r c o n t r a s t . 

1. General f e a t u r e s of the g r a v i t y f i e l d a t pa s s ive m a r g i n s . 

F r e e - a i r g r a v i t y anomalies a t pass ive margins t y p i c a l l y e x h i b i t a l i n e a r 

b e l t of p o s i t i v e anomalies of 40 to 100 m i l l i g a l s approx imate ly p a r a l l e l 

to and border ing upon the s h e l f edge. At the f o o t of the c o n t i n e n t a l 

s lope t h e r e i s g e n e r a l l y a nega t ive anomaly of 20 t o 40 m i l l i g a l s . 

Examples of t h i s type of f r e e - a i r anomaly d i s t r i b u t i o n can be seen on 

the Grand Banks shee t s along the southern margin of Flemish Cap, the 

western margin of the Newfoundland Basin a d j a c e n t t o Grand Bank, and 

to a l e s s e r e x t e n t along the NE margin of Flemish Cap and Orphan Knoll . 

The change in nature of the anomaly a t the e a s t e r n e x t r e m i t y of Flemish 

Cap (47°N, 43°W) may be i n d i c a t i v e of the change from a r i f t e d margin 

to the south of Flemish Cap and a t r ans fo rm margin t o the e a s t as proposed 

by Masson and Miles ( in p r e p ) . 

The c h a r a c t e r i s t i c pas s ive margin f r e e - a i r anomaly i s caused by a combination 

of f a c t o r s . These are (1) the edge e f f e c t der ived f rom c o n t i n e n t a l margin 

c r u s t a l t h i n n i n g , (2) the marginal sediment wedge a t t h e base of the con t inen t a l 

s l o p e , and (3) basement r i d g e s near the edge of t h e s h e l f , a l though the l a t t e r 

may be of l imi t ed consequence along the Canadian margin (Keen and Hyndman, 

1979). The c o n t r i b u t i o n s from both edge e f f e c t and sediment wedge w i l l 

natural ly be i n f l uenced by t h e amount and type of i s o s t a t i c compensation 

in the a r e a . The c o n t i n e n t a l margins of e a s t e r n Canada a r e , in g e n e r a l , 

not in i s o s t a t i c equ i l i b r ium (Keen and Hyndman, 1979; Keen and B a r r e t t , 1981). 
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2. Flemish Pass and Orphan Basin 

Seismic r e f r a c t i o n s t u d i e s by Keen and B a r r e t t (1981) have shown t h a t 

the crustal structure beneath Flemish Pass and Orphan Basin are 

s i m i l a r even though the former shows a g r aben - l i ke c o n f i g u r a t i o n 

p h y s i o g r a p h i c a l l y very d i f f e r e n t from Orphan Basin . The deep c r u s t a l 

s t r u c t u r e of these bas ins sugges t s t h a t they both c o n s i s t of s t r e t c h e d 

c o n t i n e n t a l c r u s t 20 to 22 km t h i c k - about 60 per c e n t of the average 

c o n t i n e n t a l c r u s t t h i c k n e s s of 35km. Keen and B a r r e t t (1981) propose 

t h a t t h e s e c r u s t a l t h i c k n e s s e s may be g e n e r a l l y r e p r e s e n t a t i v e of 

subsided c o n t i n e n t a l c r u s t near the ocean -con t inen t boundary and c i t e 

the Hatton-Rockall Basin as an a d d i t i o n a l example. However, the 

ques t ion of an e n t i r e l y non-oceanic o r i g i n of the l a t t e r remains an 

impor tant a spec t of North A t l a n t i c t e c t o n i c s . G r a v i t y models a c ro s s 

Orphan Basin to Orphan Knoll (Keen and B a r r e t t , 1981) sugges t t h a t , 

un l ike the ou t e r she l f of the NE Grand Banks, Orphan Basin i s i s o s t a t i c a l l y 

compensated. Three l a r g e p o s i t i v e anomalies l i e a long the edge of the 

ou te r s h e l f a d j a c e n t to Orphan Basin and Flemish P a s s . Haworth and 

Maclntyre (1975) sugges t t h a t t hese may be caused by an extens ion of 

the t h i n c o n t i n e n t a l c r u s t from Orphan Basin beneath the t h i ck sediments 

of the she l f edge consequent ly gene ra t ing a lack of i s o s t a t i c e q u i l i b r i u m . 

This e f f e c t may a l so e x i s t beneath t h e c o n t i n e n t a l s h e l v e s f a r t h e r 

n o r t h . 

3. Flemish Cap and Orphan Knoll 

Deep d r i l l i n g has shown Orphan Knoll to be a c o n t i n e n t a l f ragment which 

subsided r a p i d l y during t h e e a r l i e s t T e r t i a r y (Ruffman and Van Hin te , 

1973). No d irec t measurement of the c r u s t a l t h i c k n e s s beneath Orphan 

Knoll i s a v a i l a b l e but Keen and B a r r e t t (1981) i n f e r 25 to 28 km. 

South of Orphan Knoll t he anomaly f i e l d i s c h a r a c t e r i s e d by the 

e f f e c t s of bur ied basement r i d g e s , some t r end ing p a r a l l e l to the 

a d j a c e n t ocean -con t inen t boundary, which extend to t h e e a s t e r n s ide 

of Flemish Cap. The nor the rn ' i n t r a c o n t i n e n t a l ' margin of Flemish 

Cap has a lower g rad i en t than the r i f t e d margin on t h e southern s i d e . 

Haworth and Maclntyre (1975') note t h a t the Bouguer g r a v i t y anomaly 

centre i s located some 50 km north of the area of high frequency magnetic 

anomalies assoc iated with a shallow pre-Cambrian bedrock which 

suggests that the centre of the continental fragment i s not coincident 

with the shal lowest point . The western boundary of Flemish Cap shows 

a ridge of gravi ty coincident with a buried basement ridge extending 



north from Beothuk Knoll and assoc iated with high magnetic anomalies. 

4. Other f e a t u r e s 

The 100 m i l l i g a l high on the nor thern s ide of the SE Newfoundland Ridge 

adjacent to the she l f edge (43°N, 49°W) may well c o r r e l a t e with the 

t e c t o n i c trend which runs p a r a l l e l with the southern margin of the 

Grand Banks and d i v e r t s the t r e n d of g r a v i t y and magnet ic anomalies 

on the s h e l f . In the Newfoundland Basin a r idge of g r a v i t y t r e n d s 

northwards a t 47°.5'W from t h e SE Newfoundland Ridge. The proposed 

magnetic J anomaly ( S u l l i v a n , 1983) l i e s immediately oceanward of 

t h i s g r a v i t y high and, with p o s s i b l e s i g n i f i c a n c e , both t e rmina t e 

by l a t i t u d e 45°5'N. This r i d g e may well be a s s o c i a t e d with the e a r l y 

format ion of the Newfoundland Basin , proposed by Masson and Miles 

(in p r e p . ) , ou t l i ned in the i n t r o d u c t i o n to t h i s r e p o r t . A small g r a v i t y 

r idge (approx. 70 m i l l i g a l s ) , which s e p a r a t e s pa r t of t h e no r the rn 

Flemish Pass from Orphan Basin i s t he r e s u l t of a d e p o s i t i o n a l f e a t u r e , 

S a c k v i l l e Spur which extends NE from the ou t e r s h e l f of the Grand Banks 

a t 48°N 47°W. F i n a l l y , the prominent g r a v i t y low t o t h e west of Flemish 

Pass in the NW corner of the south shee t of the accompanying c h a r t s 

i s the no r the rn end of the Jeanne d 'Arc Basin on t h e e a s t e r n Grand Banks 

s h e l f . Borehole data from the southern end of t h i s low has d e t a i l e d 

over 2 km of J u r a s s i c sediments (Amoco and Imperial O i l , 1974). 

CONCLUDING REMARKS 

Orphan Knoll i s now widely accepted to be an i s o l a t e d c o n t i n e n t a l block 

a d j a c e n t to the ocean c o n t i n e n t boundary. The g r a v i t y compi la t ion over 

t h i s f e a t u r e presen ted in t h i s r e p o r t i l l u s t r a t e s t h a t a d d i t i o n a l work on 

the type and amount of i s o s t a t i c compensat ion, c r u s t a l t h i c k n e s s and the 

r e l a t i o n s h i p to the p o t e n t i a l f i e l d d i s t r i b t u i o n on t h e con juga t e NE A t l a n t i c 

margin can be recommended. 
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FIGURE CAPTIONS 

Figure T. Regional s e t t i n g showing the main bathymetry with the 200^ 

and 1-4 km contours. The area covered by the gravity 

c h a r t s i s o u t l i n e d . 

Figure 2. Track coverage. IOS t r a c k s : 1 - S t a r e l l a 1 /79 ; 2 - F a r n e l l a 

1 + 2 /81 , 3-Discovery 111-Canad ian d a t a coverage 

s t i p p l e d . 

Figrue 3. D e t a i l s of Canadian Hydrographic Se rv i ce Natural Resource 

Map s e r i e s cover ing the cha r t a r e a . Shee t s a v a i l a b l e t o I OS 

a t t ime of compila t ion are shown i n s i d e t h e double l i n e . 

Sheets marked a re IGSN 71, 1967 s p h e r o i d . 
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