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MAGNETIC, GRAVITY AND DEPTH SURVEYS IN THE MEDITERRANEAN 

AND RED SEA 

By 

T. D . Allan and H . Charnock 

INTRODUCTIO N 

This report is a copy of a paper published in " Nature" , Vol. 204, No. 4965, 

pp 1245-:1248, December 26, 1964, by T. D . Allan of this Centre, H , Charnock 

of this Centre at the time of the surveys but'DD'W of t h e National Institute of 

Oceanography, Wormley, Godalming, U.K., and C. Morelli of the Oss'Frvatorio 

Geofisico Sperimentale, Tri~ste, Italy. It provides a summary of part of the 

geophysical work carried out by the SACLANT ASW Centre during the period 

from 1959 to 1963 . 
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MAGNETIC, GRAVITY AND DEPTH SURVE YS IN THE MEDITERRANEAN 

AND RED SEA 

Although a relatively s mall and land-locked basin, t he M editerrane an has m any 

oc eanic feature s. About three -quart ers of t he area is de e per t han 1, 000 

fathoms, with extensive areas deeper than 1, 500 fathoms and i sol at ed depths 

of more than 2, 500 fathoms. T he west ern and eastern bas ins are geophysically 

different. 

In both w e stern basins there are extensive areas of abys sal plain, whereas t he 

floor of the eastern bas in, in s pite of t he sediment from the Nile, i s characterized 

by an unus ual type of s m a ll···scal e relief. To t he no rth of t he east e r n basin the 

Cretan island arc boun ds the irregular topography of the A egean Sea. Geophysical 

investigations of t he difference s between the e ast ern and we s t ern basins m ay 

provide clue s as to t heir origin. 

T he Red Sea is another area where systematic observations m ay be of more 

t han local interest. Previous observations have shown the similarity between 

the rift valley of t he sou thern ' Red Sea and that of t he mid-Atlantic Ridge . 

T he SACLANT ASW Research Centre w as commissioned in 1959 and its 

Oceanography Group fo r med t he following year, Submarine geophys ic al 

observations in both t h e M edit erranean and the Red Sea have formed part of 
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the group's programme. A summary of the geophysical work is given in this 

article. 

FACILITIES 

S. S. ARAGONESE, a freighter 293 ft. long, displacing 3, 000 tons, was 

chartered for conversion into a marine research vesseL Radar , gyrocompass , 

precision depth recorder and other essential e quipment were fitted initially. 

A LORAN..C r€ceive·r and an electromagnetic log were fitted later. 

The number of scientific personnel directly involved with the geophysical 

programme was s m all and the group frequently co-operated with o t her research 

establishments . 

An agreement was reached with the Osservatorio Geofisico Sperimentale , 

Trieste, on a joint programme of gr avity, magnetic and bathymetric survey 

work. T h e gravity meter, a Graf -Askania, was owned by t h e O sservatorio and 

operated by its staff throughout the cruises. 

The gravity values were usually tabulated at 15-min intervals. The accuracy of 

t h e free-air gravity value depends not only on the performance of the meter and 

stabilized platform but al so on the accuracy of the EO"tvos correction which is 

calculated from the ship's speed and course. In this respect t h e Mediterranean 

has presented fewer problems than those in t h e ocean generally. In the earlier 

cruises radar signals on numerous islands provided good control: for most of 

t he work the probable error in po sition was "±: 0. 25 mile. F or t he later surveys, 

in areas far from land, LORAN -C positions proved reliable t o better than "±: 0 . 5 

mile. 
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T he magnetometer was the nuclear spin model described by Hilf1
) and 

manufactured by Bruce P eebles, Ltd, It had a sensitivity of""!:: 0 . 5 "'( . Readings 

were taken every 3 0 sec and recorded on punched paper for later reduction on 

the Centre's computer. The greatest inaccuracy in the measurement of the 

absolute value of the field l ay in the uncertain knowledge of its diurnal variation. 

D epth was recorded on a precision depth recorder which could be read b -: 1 

fathom. 

During the period J uly 1961 -March 1963 seven c ruises were m ade . These 

were devoted almost entirely to magnetic, gravity and depth surveys of selected 

areas, but brief trials of other techniques, such as coring and sei smic reflexion 

profiling, were also made. 

About 40, 000 miles of track have been covered: t he distribution in the 

Mediterranean and Red Sea is shown in Figs. 1 and 2. 

WESTERN MEDITERRANEAN 

T he first cruise was used to compare the perform ance of different types of 

gravity m eter . T he Trieste Graf -Askania and a LaCos t e -Romberg instrument 

provided by the U.S. Office of Naval R esearch were installed in t h e ship. 

Observations were made in three areas between L a Spezia and Sicily where 

earlier bottom gravity readingJ2)provided a precise reference. Consequently, 

not only relative but absolute comparisons of the surface-ship meters were 

possible. In the area near La Spezia precise navigational control was a chieved 

by using theodolites on nearsho re hills . 

4 





The gravity meters agreed within 10 mgal in calm conditions, but 

modifications to the LaC:oste-Romberg were necessary to allow for the "Browne'' 

corrections in rougher weather . An account of the comparisons has been 

published( 3). 

Other cruises in the western basin have examined the continental slopes which 

border the Balearic and Tyrrhenian abyssal plains. These slopes are cut by 

submarine canyons resembling those found in other parts of the continental 

margin but which have been interpreted as former sub -aerial valleys. 

Between Sicily and Malta the survey did not appear to change the existing 

conception of the geology of the area. There were large magnetic anomalies 

around volcanic islands such as Pantelleria and the negative Bouguer gravity 

anomaly known to exist in western Sicily was shown to change to a positive 

anomaly in the centre of the Strait. 

EASTERN MEDITERRANEAN 

In the eastern Mediterranean the islands of Crete, Scarpanto and Rhodes appear 

to form an island arc structure with contrasting geophysical properties in the 

areas to the north and south of the arc. These areas have been extensively 

surveyed during three of our cruises. Dr. K. 0. Emery took part in one of 

these, during which a relief map ot the sea-floor was prepared from a study 

of the type of bottom displayed on the echo- sounder. 

Much of the sea-floor in the eastern basin is characterized by the type of small-

scale relief shown in Fig. 3. The lack of deposition appears to be caused by a 

series of trenches which borders the area and acts as a trap for sediment 

spreading from the Nile. 
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Perhaps the most interesting aspect of the eastern basin, in spite of the lack of 

sedimentea area, is the dullness of its magnetic field. T hus , apart from the 

latitudinal variation, there is no significant change of magnetic field between 

North Africa and Crete. This can be seen from Fig. 4, which shows a typical 

north-south profile of magnetic field, g ravity and depth across the i sland arc . 

To the north there are several isolated magnetic anomalies, probably associated 

with vulcanism. 

The gravity field is lJroadly similar to that associated with the island arc s of t he 

major o ceans. Generally negative in the southern part of the eastern basin, 

t here is a free air anomaly of about· ~ 100 mgaL. in a band associated with t he 

deep trenches just to the south of the arc. To the north t he gravity field is 

generally positive, reaching+ 140 mgal.; , 

THE RED SEA 

A survey of the Red Sea and Gulf of Aqaba was made between Octobe r and 

December 1961. A second Graf-Askania gravity meter, supplied and operated 

by scientists of the German Hydrographic Institute and the Bundesanstalt fur 

Bodenforschung, was embarked for this cruise and provided a good opportun ity 

of comparing the performance of two meters of the same type. Over m ost of 

t he cruise the agreement was excellent. 

Preliminary surveys in the Red Sea(4),(5) had shown the existence of a m agnetic 

ano maly associated with a. steep-sided medial valley about 30 mile s wide . 

This anomaly was studied in much more detail during the 1961 cruise . A total 

of fifty-four transverse crossings were made. Records from a typical crossing 
0 

(20 N.) are shown in Fig. 5. 
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A preliminary analysis of the results shows that the median valley, which is 

more fully developed in the south, is underlain by a considerable thickness of 

dense, magnetic rock . The lateral extent of this material appears to be 

confined to the width of the valley. 

At the northern end of the Red Sea the Gulf of Suez is shallow and dull both in 

its magnetic and gravity structure. The Gulf of Aqaba, however, provides an 

interesting contrast. The Aqaba rift is everywhere less than 15 miles wide and 

about 600. fathoms deep. It is flanked on both sides by steep mountains. There 

is a strongly negative gravity anomaly, reaching - 200 mgal (free air) and 

- 100 mgal (Bouguer), while the magnetic field is featureless. The structure 

of the G __,_lf of Aqaba resembles that of the Gulf of Corinth; both may be thickly 

sedimented grabens. 

The contrasting geophysical properties of the Gulf of Aqaba and the Red Sea, 

shown in Fig. 5, must be taken into account in any attempted interpretation 

of the origins of the Rift system. 

We thank Dr. E. T. Booth and Dr. J. M. Ide for their advice during their service 

as scientific director of the SACLANT ASW Research Centre, our colleagues, 

ashore and afloat, and the captain, officers and crew of S. S . ARAGONESE for 

their assistance. 
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Fig . 2. Tracks of S. S. ARAGONESE in the Red Sea during November-Decemoer 1961 

10 





li! lj ;\ 
j 

"" 0 0 
......

. 
... 

......
. 

3 

,f
 1 ¥ ,. 

[ 
,..

_,
 

3 
m

il
es

 
I 

F
ig

. 
3.

 
P

ro
fi

le
 a

cr
o

ss
 t

he
 u

nu
su

al
 f

lo
or

 o
f 

th
e 

ea
st

er
n

 M
ed

it
er

ra
ne

an
 S

ea
. 





500 26° E . 
NORTH 

4500 -MAGNETIC 
---GRAVITY 

500 

')o >-
44000 / _J 

0 .c( 
_j ~ 
w 0 

z 
LJ.._ 500 <X: 

0:: 

u 
43000 

I-
w w r, w 
z I- I ' w 

"" ' ..r- ....---
lD 500 SOUTH '\.I '-- I 0:: 

.LI I LJ.._ <X: I 

~ 
I 

MGALS 
>-

/- ...... , I-

'-- ~/ '-
' I ~--

1- 100 
a._ 

w 
0 

0 MILES 100 200 300 400 

Fig. 4. Profile along meridian 26° E. of gravity (free-air) anomaly;. total magnetic field . 0 
and depth. ThP RnlJthern limit is the African coast anrl the northern limit lies at latituoP 39 N . 
in the central Aegean . 

12 





......
 

w
 

0:
: w
 

::J
 

t9
 

>-
::J

 
_

J 

0 
<!

 
en 

2 
>-

0 
f--

-
z 

> 
<!

 
<!

 
0:

: t9
 

M
 G

A
L

S
 

F
M

. 

I f--
-

(l
_

 

0 

M
A

G
N

E
T

IC
 

G
R

A
V

IT
Y

 

/-
-
. .

.... 
__

__
_ _

 

,..
--.

, 
--

-
' ',

 ' -
, ',

, _
__ 

',
 ---

-

0
0

 
0 ...J

 

0
0

 
w

 - lJ.
. 

9
0
0
0
~
 u - f--
- w
 

z t9
 

<!
 2 

F
ig

. 
5.

 
G

ra
v

it
y

 a
nd

 m
ag

n
et

ic
 p

ro
fi

le
s 

ac
ro

ss
 t

he
 G

ul
f 

of
 A

qa
ba

 (
to

p)
, 

an
d 

ac
ro

ss
 t

he
 R

ed
 S

ea
 a

t 
20

° 
N

. 
(b

ot
to

m
).

 
T

he
 p

ro
fi

le
s 

a
re

 d
ra

w
n 

to
 t

he
 s

am
e 

sc
al

e.
 





Minister of Defense 
Brussels, Belgium 

Minister of National Defense 
Department of National Defense 
Ottawa, Canada 

Chief of Defense, Denmark 
Kastellet 
Cooenhagen rD. Denmark 

Minister of National Defense 
Division Transmissione-Ecoute-Radar 
51 Latour Maubourg 
Paris 7e. F ranee 

Minister of Defense 
Federal Republic of Germany 
Bonn, Germany 

Minister of Defense 
Athens, Greece 

M inistero della Difesa 
Stato Maggiore Marina 
Roma, Italy 

Minister of National Defense 
Plein 4, The Hague, 
Netherlands 

Minister of National Defense 
Storgaten 33, 
Oslo, Norway 

Minister of National Defense 
Lisboa, Portugal 

Minister of National Defense 
Ankara, Turkey 

Minister of Defense 
London, England 

Supreme Allied Commander Atlantic 
(SACLANT) 
Norfolk 23511, Virginia 

SACLANT Representative in Europe 
(SACLANTREPEUR) 
Place du Marechal de Lattre de Tassigny 
Paris 16e. France 

DISTRIBUTION L I S T 

10 copies 

10 copies 

10 copies 

10 copie s 

10 copies 

10 copies 

10 copies 

10 copies 

10 copies 

10 copies 

10 copies 

2<1 copies 

3 copies 

1 copy 

Commander in Chief 
Western Atlantic Area 
(CJNCWESTLANT) 
Norfolk 23511, Virginia 

Commander in Chief 
Eastern Atlantic Area 
(CINCEASTLANT) 
Eastbury Park, Northwood 
Middlesex, England 

Maritime Air Commander 
.<:astern Atlantic Area 
(COMAIREASTLANT) 
R. A. F. Northwood 
Middlesex, England 

Commander Submarine Force 
Eastern Atlantic 
(COMSUBEASTLANT) 
Fort Blockhouse 
Go'sport, Rants, England 

Commander, Canadian Atlantic 
(COMCANLANT) 
H. M. C. Dockyard 
Halifax, Nova Scotia 

Commander Ocean Sub-Area 
(COMOCEANLANT) 
Norfolk 23511, Virginia 

Supreme Allied Commander Europe 
(SACEUR) 
Paris, France 

SHAPE Technical Center 
P.O. Box 174 
Stadhouders Plantsoen 15 
The Hague, Nethe rlands 

Allied Commander in Chief Channel 
(CINCCHAN) 
Fort Southwick, Fareham 
Hampshire, England 

Commander Allied Maritime Air Force Channel 
(COMAIRCHAN) 
Northwood, England 

Commander in Chief Allied Forces Mediterranean 
(ClNCAFMED) 
Malta, G . C. 

Commander South East Mediterranean 
(COMEDSOUEAST) 
Malta, G. C. 

1 copy 

1 copy 

1 copy 

1 copy 

1 copy 

1 copy 

7 copies 

1 copy 

1 copy 

1 copy 

1 copy 

1 copy 



Commander Central Mediterranean 
(COMEDCENT) 
Naples, Italy 

Commander Submarine Allied 
Command Atlantic 
(COMSUBACLANT) 
Norfolk 23511, Virginia 

Commander Submarine Mediterranean 
(COMSUBMED) 
Malta, G. C. 

Standing Group, NATO 
(SGN) 
Room 2C256, The Pentagon 
Wash ington 25, D.C . 

Standing Group Representative 
(SGREP) 
Place du Marechal de Lattre de Tassigny 
Paris 16e. France 

ASG for Scientific Affairs 
NATO 
Porte Dauphine 
Paris l6e, France 

National Liaison Representatives 

NLR Belgium 
Belgian Military Mission 
3330 Garfield Street, N. W. 
Washington, D.C . 

NLR Canada 
Canadian Joint Staff 
2450 Massachusetts Avenue, N. W. 
Washington, D. C. 

NLR Denmark 
Danish Military Mission 
3200 Massachusetts Avenue, N. W. 
Washington, D. C. 

NLR France 
French Military Mission 
1759 "R" Street, N.W. 
Washington. D. C. 

NLR Germany 
German Military Mission 
3215 Cathedral Avenue, N. W. 
Washington, D.C. 

NLR Greece 
Greek Military Mission 
2228 Massachusetts Avenue, N. W. 
Washington, D.C. 

NLR Italy 
Italian Military Mission 
3221 Garfield Street, N . W. 
Washington, D.C. 

1 copy 

1 copy 

1 copy 

3 copies 

5 copies 

1 copy 

1 copy 

1 copy 

1 copy 

1 copy 

1 copy 

1 copy 

1 copy 

NLR Netherlands 
Netherl ands Joint Staff Mission 
4200 Linneau Avenue 
Washington, D. C. 20008 

NLR Norway 
Norwegian Military Mission 
2720 34th Street, N. W. 
Washington, D. C. 

NLR Portugal 
Portuguese Military Mission 
23 10 Tracy Place, N. W. 
Washington, D. C. 

NLR Turkey 
Turkish Joint Staff Mission 
2125 LeRoy Place, N. W. 
Washington, D. C. 

NLR United Kingdom 
British Defence Staffs, Washington 
3!00 Massachusetts Avenue, N. W. 
Washington, D. C. 

NLR United States 
SACLANT 
Norfolk 235 11 , Virginia 

Scientific Committee of National 
Representatives 

Dr . W. Petrie 
Defence Research Board 
Department of National Defence 
Ottawa, Canada 

G. Meunier 
Ingenieur en Chef des Genie Maritime 
Services Technique des Constructions et 
Armes Navales 
8 Boulevard Victor 
Paris 15e, France 

Dr. E. Schulze 
Bundesministerium der Verteidigung 
ABT H ROMAN 2/3 
Bonn, Germany 

Commander A. Pettas 
Ministry of National Defense 
Athens, Greece 

Professor Dr. M. Federici 
Segreteria NATO 
MAR! PERMAN 
La Spezia 

Dr. M. W. Van Batenburg 
Physisch Laboratorium RVO-TNO 
Waalsdorpv!akte 
The Hague, Netherlands 

1 copy 

1 copy 

1 copy 

1 copy 

1 copy 

40 copies 

1 copy 

1 copy 

I copy 

1 copy 

1 copy 

1 copy 



Mr. A. W. Ross 
DirectorofNaval Physical Research 
Ministry of Defence (Naval) 
Bank Block 
Old Admiralty Building 
Whitehall, London S. W. 

Dr. J.E. Henderson 
Applied Physics Laboratory 
University of Washington 
1013 Northeast 40th Street 
Seattle 5, Washington 

Capitaine de Fregate R. C. Lambert 
Etat Major G~nl!ral Force Navale 
Caserne Prince Baudouin 
Place Dailly 
Bruxelles, Belgique 

CAPT H. L. Prause 
S0vaernets Televaesen 
Lergravsvej 55 
Copenhagen S 1, Denmark 

Mr. F. Lied 
Norwegian Defense Research 
Establishment 
Kjeller, Norway 

Ing. CAPT N. Berkay 
Seyir Ve HDR D 
CUBUKLU 
Istanbul, Turkey 

National Liaison Officers 

Mr. Sv. F. Larsen 
Danish Defense Research Board 
Gsterbrogades Kaserne 
Copenhagen rD. Denmark 

CDR R. J. M. Sabatier 
EMM/TER 
2 Rue Royale 
Paris Be, France 

Capitano di F regata U. Gilli 
Stato Maggiore della Marina 
Roma, ltalia 

LCDR J. W. Davis, USN 
Office o f Naval Research 
Branch Office, London 
Box 39, Fleet Post Office 
New York, N.Y. 09510 

CDR Jose E. E. C. de Ataide 
Institute Hydrografico 
Rua Do Arsenal Porta H-1 
Lisboa 2, Portugal 

I copy 

1 copy 

1 copy 

1 copy 

1 copy 

1 copy 

1 copy 

1 copy 

1 copy 

1 copy 

1 copy 







.... UNCLASSIFIED 

/ 

•nrt UNCLASSIFIED 


	TR-39

	Introduction

	Magnetic, gravity and depth surveys in the Mediterranean and Red Sea

	Facilities

	Western Mediterranean

	Eastern Mediterranean

	The Red Sea

	References

	Figures


	Distribution list





