
INTERPRETATION OF GRAVITY 

ANOMALIES OVER THE INDIAN OCEAN 

REGION AROUND 

SRI LANKA 

M. M. P. M. FERNANDO 

Ph. D. 	 2005 

- 	- 	- 	 -- 	 --- I 	 --- 	-- -- 	 - 	 _I -_ I U 



The work described in this thesis was carried out by me under the 

supervision of Professor D. A. Tantrigoda and a report on this has 

not been submitted in whole or part to any University or other 

institution for another degree. 

M.M.P.M. Fernando. 



I certify that the above statement made by the candidate is true 

and that this thesis is suitable for submission to the University for 

the purpose of evaluation. 

0ii-I'Vol,  ............ 

Professor D. A. Tantrigoda. 

40 



CONTENTS 

ACKNOWLEDGEMENTS 	 V 

ABSTRACT 	 vii 

CHAPTER 1 INTRODUCTION AND REVIEW OF PREVIOUS 

STUDIES 	 01 

LI. Introduction 
	

01 

I.I.I. Introduction 	 01 

1.1.2. A Brief Summary of Previous Geophysical 

Studies carried out over the Indian Ocean 

region around Sri Lanka 	 02 

1.1.3. Indian Ocean Region around Sri Lanka: 

Bathymetry and Gravity Anomalies 	 04 

1.1.4. United Nations Convention on the Law of 

the Sea (UNCLOS) 	 10 

1.2. Objectives of the study 	 12 

CHAPTER 2 COLLECTION AND PROCESSING OF GRAVITY AND 

BATHYMETRY DATA 	 16 

2.1. Introduction 16 

2.2. Gravity Measurements at Sea 16 

2.3. Internal Consistency of Data 17 

2.4. Satellite Gravity Anomaly and Bathymetry Maps 

of the Indian Ocean region around Sri Lanka 19 



2.5. Important Features of the Satellite Bathymetry Map 

of the Indian Ocean region around Sri Lanka 	24 

2.6. Important Features of the Satellite Gravity Anomaly 

Map of the Indian Ocean region around Sri Lanka 	39 

CHAPTER 3 METHODOLOGY USED IN THE INTERPRETATION 

OF SATELLITE GRAVITY ANOMALIES 	 41 

3.1. Introduction 	 41 

3.2. Interpretation of Gravity Anomalies 	 43 

3.3. Downward Migration of Oceanic Crust due to 

Pressure Exerted by a Seamount 	 46 

3.3.1. Derivation of Downward Migration 

of Oceanic Crust due to a Pressure 

Distribution 	 51 

3.4. Discussion 	 55 

CHAPTER 4 INTERPRETATION OF GRAVITY ANOMALIES 

OVER THE CONTINENTAL RISE OF SRI LANKA 	62 

4.1. Introduction 	 62 

4.2. Interpretation of Gravity Anomalies 	 62 

4.3. Discussion 	 63 

CHAPTER 5 INTERPRETATION OF GRAVITY ANOMALIES 

OVER THE AFANASY - NIKITEN AND OTHER 

SEAMOUNTS IN THE CENTRAL INDIAN OCEAN 	77 



5.1. Introduction 	 77 

5.2. Some Important Statistics on the two Seamounts 	78 

5.3. Satellite Gravity Anomalies over the two Seamounts 	79 

5.4. Interpretation of Gravity Anomalies over the 

Seamounts 	 82 

5.5. Discussion 	 86 

CHAPTER 6 INTERPRETATION OF GRAViTY ANOMALIES 

OVER THE 850  EAST RIDGE 	 120 

6.1. Introduction 	 120 

6.2. Interpretation of Gravity Anomalies 	 121 

6.3. Discussion 	 138 

CHAPTER 7 SEDIMENT THICKNESS MAP OF THE REGION, 

79°E470E, 20S-80S BASED ON A SATELLITE 

GRAVITY INTERPRETATION 	 139 

7.1. Introduction 	 139 

7.2. Interpretation of Gravity anomalies over the region, 

79°E - 870E, 20S - 8°S 	 139 

73. Discussion 	 142 

CHAPTER 8 DISCUSSION AND CONCLUSIONS 	 152 

8.1 Discussion 	 152 

8.2 Conclusion Drawn and Recommendations 	158 

ELU 



8.3 	Future work Stemming from Conclusions 	 167 

REFERENCES 
	

168 

APPENDIX 
	

173 

Iv 



ACKNOWLEDGEMENTS 

I wish to express my sincere gratitude to Professor D. A. Tantrigoda for his guidance, 

supervision, continuous encouragement and many useful discussions in connection 

with the study. 

This study was carried out at the Physics Department of the University of Sri 

Jayewardenepura and was funded by the National Science Foundation of Sri Lanka 

(Grant No. RG / 2000 / P /3). The author wishes to thank, 

National Science Foundation of Sri Lanka for providing financial assistance, 

Mr. M. G. C. Peiris, Head, Department of Physics for allowing me to use 

facilities of the Department, 

Dr. N. P. Wijayananda, Former Director of Geological Surveys & Mines and 

Bureau (CSMB) and Presently Director of the Project on Delimitation of the 

Outer Edge of Continental Margins of Sri Lanka (DEOCOM), for providing 

facilities to carry out some parts of the project, 

Dr. Sandwell, providing information related to useful websites from where 

Bathymetry and Gravity data were extracted. 

V 



Mr. M. A. Ariyawansa and Mr. S. W. S. Weerasinghe of the National Aquatic 

Resource Agency (NARA) for useful discussions on the Bathymetry of the 

Indian Ocean around Sri Lanka and assistance given in compiling and plotting 

of maps, 

Prof. J. R. Curray of the Scripps Institute of Oceanography, University of 

California and Dr. O.V. Levchenkov, for useful discussions and providing 

useful information, 

My colleagues Mr. Sudhantha, Mr. Harsha , Mr. Vajira and Mr. Sanjeewa for 

help, assistance and encouragement given in numerous ways. 

kv 



INTERPRETATION OF GRAVITY ANOMALIES OVER THE INDIAN OCEAN 

REGION AROUND 

SRI LANKA 

BY 

M. M. P. M. FERNANDO 

ABSTRACT 

Satellite gravity and bathymetry information covering the region 650E - 950E, I0°N - l0°S 

(2 x 500 000 data points) of the Indian Ocean around Sri Lanka have been downloaded 

from the NOAA (hitp:.'topc xucsd.cdu) Geophysical database. Gravity anomalies have 

been interpreted to estimate the sediment thickness and other features of the shallow 

subsurface structure of the region using well-established techniques in Geophysics. Most of 

the computer software needed for the interpretation has been developed as a part of the 

study. Downward migration of the oceanic crust due to the pressure exerted by nine 

prominent seamounts in the region has also been calculated considering the oceanic crust as 

a viscoelastic plate lying over an incompressible fluid half space and compared with the 

results of the gravity interpretations. A similar study has been carried out for the 850E ridge 

situated East of Sri Lanka. 

Intense negative anomalies situated close to the foot of the continental slope of Sri Lanka 

have been explained in terms of the density variations over the ocean i c-continental 
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boundary and due to sediment accumulation. Downward migration of the oceanic crust 

below the two main members of the Afanasy-Nikiten chain of seamounts has been 

calculated interpreting gravity anomalies and found to have maximum depression of 5.5 km 

and 3.0 km. A similar study carried out over seven other smaller seamounts scattered over 

the central Indian Ocean shows that the maximum depression of the oceanic crust due to 

their pressure varies from 4.0 km to 1.0 km. This study has been extended to the 85°E ridge 

and it was found that the oceanic crust there has depressed from 9 - 14 km due to its 

pressure. Several profiles of gravity anomalies below 6°S of the equator covering the region 

79°E-87°E, 2°S-8°S have been interpreted and results were used to compile an isopach map. 

This map shows that the thickness of sediments goes down to about 0.6 km towards the 

middle part of the region and then increases to 0.8 km at the periphery and again decreases 

towards the south. 



CHAPTER 1 

INTRODUCTION AND REVIEW OF PREVIOUS STUDIES 

1.1 	Introduction 

1.1.1 Introduction 

This thesis describes an interpretation of gravity anomalies carried out over the Indian 

Ocean around Sri Lanka. Satellite gravity anomalies and bathymetry information over 

the 	region 65°E - 95°E, 1 0°N - I O°S (Fig. 1.1) downloaded from the 

http://topex.ucsd.edu  website were used for this purpose. Gravity anomalies were 

interpreted to estimate the sediment thickness and other features of the shallow 

subsurface structure of this region. Two and three-dimensional interpretation of gravity 

anomalies were carried out using well-established techniques (Tantrigoda, 1994) in 

Geophysics. Development of necessary computer software has been an important phase 

of the study in view of the prohibitively high cost of commercially available 

geophysical software. Almost 60% of the study has been carried out using the computer 

software developed as a part of the study. Rest of the work was carried out using the 

software prepared by the previous workers (Tantrigoda, 1979, 1982; Bott and 

Tantrigoda, 1987; Tantrigoda, 1990, 1999). These software were used after modifying 

them to suit the present purpose. 

The rationale of the project stems from its usefulness in the delimitation of the outer 

edge of the continental margin of Sri Lanka according to the provisions of the United 
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Nations Convention on the Law of the Sea (UNCLOS). Results of the project can either 

be used directly for this purpose or as a guide for any future seismic work needed to be 

carried out for the delimitation of maritime boundaries of Sri Lanka. 

1.1.2 A Brief Summary of Previous Geophysical Studies carried out over the 

Indian Ocean region around Sri Lanka 

The Indian Ocean region around Sri Lanka is a part of the world largest deep sea 

sediment fan known as the Bengal fan having a length of about 3000 km and width of 

about 1000 km (Fig 1.2, Fig. 1.3 and Fig. 1.4). This has been formed as a direct result of 

India-Asia collision and uplift of the Himalayas and Tibetan Plateau (Curray et al. 

2003). The Bengal fan has been subjected to intense geophysical investigations by 

several workers (Hamilton et al. 1974; Liu et al. 1982; Bull J.M. 1990; Cochran and 

Stove et al.1990; Levchenko O.V. 1992; Curray, 1994; Curray et al. 2003) since 

nineteen sixties (Fig. 1.5). These studies mainly consist of ship-borne single channel 

seismic surveys and gravity and magnetic surveys. Seismic data have been collected 

along the cruise tracks and thickness of sediments has been computed interpreting the 

seismic data. Isopach maps (maps of constant sediment thickness) have been compiled 

interpolating the information of sediment thickness available along the cruise tracks 

onto a rectangular grid. Almost all the work carried out in Bengal fan has been confined 

to the region up to 6°S of the equator. Further, there are some discrepancies between 

isopach maps produced by different workers. These discrepancies can mainly be 

attributed to difficulties in identifying reflection horizons from poor quality single 

channel seismic charts, due to problems in positioning of the research vessel in the sea 
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using techniques that prevailed thirty to forty years ago and several other reasons. 

However, accumulation of more and more geophysical data and their careful 

interpretation will help to obtain an improved picture of the submarine fan. It is 

expected that present study will also contribute towards this end in some way. Further 

results of this study will provide valuable information that would be useful to delimit 

the outer edge of continental margin of Sri Lanka according to the United Nations 

convention of the Law of the Sea. 

1.1.3 Bathymetry and Gravity Anomalies over the Indian Ocean Region around 

Sri Lanka 

As shown in Fig. 1.1, Fig. 1.3 and Fig. 1.4 bathymetry of the Indian Ocean around Sri 

Lanka can be basically divided into two distinct regions. First is the continental margin 

of Sri Lanka and the second is the deep oceanic region beyond the outer limits of its 

continental margin. Continental margin of Sri Lanka consists of a very narrow 

continental shelf, which rarely goes beyond 30 nautical miles from the shore line. Fig. 

1.4 indicates that the 200 m isobath around Sri Lanka is situated very close to the island. 

Usually 200 m isobath is considered as the edge of the continental shelf of Atlantic type 

of continental margins for which continental margin of Sri Lanka belongs. Then the sea 

floor goes down with very steep gradients from 200 m to three to four kilometres in a 

very short distance indicating the end of the continental margin and beginning of the 

deep ocean. The ocean floor is quite smooth beyond this margin except for perturbations 
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