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Multibeam swath bathymetry, gravity and magnetic 
investigations were conducted across the major delta-
front canyon known as Swatch-of-No-Ground in the 
northern Bay of Bengal. The study reveals that the 
canyon is a 300 m deep and 18 km wide depression 
with step-like micro-terraces running in NNE–SSW 
direction. The depth to the seafloor topography varies 
from 900 to 1459 m with 100–150 m thick levee sedi-
ments deposited on both the edges of the canyon as sea-
floor swells spreading over a distance of 10–20 km. In 
the area north of the 20°07′N lat., the canyon is char-
acterized by a gentle step-like slope towards the west-
ern flank and a steep slope towards the eastern flank, 
while in the area south of the 20°07′N lat., the mor-
phology of the canyon is vice versa. The anatomy of the 
canyon suggests that the turbidity sediments flow in a 
semi-circular manner within it. When the muddy sedi-
ments strike the flank within the canyon, a part gets 
bounced-off in an orthogonal direction to the semi-
circular turbidity flow leading to the formation of step-
like small terraces on the other flank of the canyon. 
The canyon is associated with a low gravity field of 
about 15 mGal and weak magnetic field of the order of 
30–40 nT. The model study revealed that the submarine 
canyon is not associated with any structural discontinui-
ties such as faults and folds. Hence, it is surmised that 
the submarine canyon is a morphological feature formed 
by major river flow and underwater currents in the 
northern Bay of Bengal. 
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THE Bengal Fan, the largest submarine fan in the world, 
is the characteristic feature of the Bay of Bengal. With a 
width of about 1000 km, it extends to a length of 3000 km, 
accommodating sediments whose thickness reaches more 
than 16 km at the proximal region of the Bengal delta. 
These sediments are believed to be deposited in two tec-
tonic settings. In the initial phase prior to the collision of 
the Indian plate with Eurasia, the sediments of the Bay of 
Bengal were derived mostly from the eastern continental 
margin of India. Subsequently, sediments are being trans-

ported from the Himalayas to the Bay of Bengal through 
the Ganges and Brahmaputra rivers, which are debouch-
ing billions of tonnes of sediments annually into the Bay 
of Bengal1. The sediments decrease in thickness uni-
formly towards the south up to lat. 7°40′S, where they abut 
exposed basement topography2,3. Submarine canyons and 
a network of levee channels act as conduits to carry sedi-
ments from the Bangladesh shelf to regions of distal Ben-
gal Fan4,5. These channels change their configuration 
from time to time due to sea-level fluctuations, migration 
of turbidity channels and their orientation, and input of 
the sediments. In the equatorial region, Krishna et al.3 no-
ticed that such migration of channels occurred during the 
Pliocene–Pleistocene period. 
 The largest submarine canyon on the Bangladesh shelf, 
known as Swatch-of-No-Ground, is the most conspicuous 
physiographic feature in northern Bay of Bengal. The 
canyon deeply incised into the Bangladesh shelf connects 
the active channel–levee system network in the Bengal 
Fan and its distal area. It is believed that the canyon had 
formed about 125,000 years ago5. It appears to have acted 
as a conduit for sediment dispersal to give rise to the 
largest fan in the world. The head of the canyon lies at 
about 38 m water depth on the continental shelf of Bang-
ladesh. It continues seawards as a nearly linear trough for 
160 km, with an average slope-gradient of 8.2 m/km 
(Figure 1)5. It is believed that the canyon was the pre-
sumed location of the river mouth during the last  
de-glaciation. 
 The quaternary sediments in the upper fan consist of a 
number of channel–levee complexes, built on top of the 
pre-existing fan surface during decrease in sea level by 
large turbidity currents. The turbidity current has been 
considered as a major factor in the generation and shaping 
of the fan6–8. The canyon is at present largely cut-off 
from the main sediment supply from land and has almost 
ceased to act as a conduit9–11. 
 The present investigation aims to outline the morphol-
ogy of the canyon, pattern of levee sediment accretion on 
both sides, to understand the dynamics of the turbidity 
sediments within the canyon for formation of micro-
terraces, and its genetic link with the structure and tecton-
ics of the region.  
 The single and multi-beam bathymetry, gravity and 
magnetic data along nine east-west profiles (Figure 2) south 
of the canyon in northern Bay of Bengal were acquired 
on-board ORV Sagar Kanya cruise 100 during 1995. Profile 
plots for single beam bathymetry, total intensity magnetic 
and free-air gravity have been stacked (Figure 3). Further, 
individual datasets have been contoured and shown in 
Figure 4. Swath bathymetry map has been made from 
multi-beam echo-sounding data (Figure 5).  
 The bathymetry ranges from 900 to 1459 m within the 
canyon and is shallow over the edges of the canyon (Fig-
ures 3–6). The bathymetry contours over the canyon trend 
nearly in the NNE–SSW direction, whereas in the rest of 
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Figure 1. Generalized map of northern Bay of Bengal. Shaded block shows the study area. 
 
 
 

 
 

Figure 2. Map showing survey traverses across the submarine canyon (Swatch-of-No-Ground). 
 
 
the area they trend in the E–W direction. In the northern 
area between lines 1 to 4 (Figure 6), the seafloor depth 
reaches about 1400 m within the canyon, whose width is 
about 20 km with variable slope gradient. The eastern 
flank of the canyon is steep and sharp, whereas the west-
ern slope is gentle, resembling a step-like structure. This 
sharp and gentle gradient is seen subdued in the central 
part between lines 5 and 6. Whereas in the south between 
lines 7 and 9, the width of the canyon is around 18 km 
and deepens up to 1459 m towards its western end from 
the adjacent seafloor of 1095 m. The eastern flank of the 
canyon is characterized by gentle step-like structure, 
whereas the western flank is sharp and steep. These ob-
servations indicate that the morphology of the canyon in 

the north and south is quite the opposite (Figure 6), sug-
gesting that turbidity currents within the canyon might 
have played a major role in shaping the morphology.  
 The boundaries of the canyon are well marked in the 
multibeam swath bathymetry data along with plateau-like 
structures on both sides (Figure 5). These plateaus oc-
curred on the western side of the canyon in the north and 
on its eastern side in the south. The average water depth 
over the western plateau is around 1300 m, whereas over 
the eastern plateau the depth is around 1100 m. The data 
further reveal the presence of five micro-channels within 
the canyon trending in the NE–SW direction, indicating 
the flow-controlled incision of the canyon floor (Figure 
5 a and b). 
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Figure 3. Bathymetry, free-air gravity and total intensity magnetic anomaly profiles along the survey traverses. 
 

 
 

Figure 4. Bathymetry, free-air gravity and total intensity magnetic anomaly contour maps over Swatch-of-No-Ground and adjacent seafloor in the 
northern Bengal Fan. 
 
 
 Around 100–150 m thick levee sediments are deposited 
on both edges of the canyon in the form of seafloor 
swells, spreading over a distance of 10–20 km (Figure 6). 
 The anatomy of the canyon suggests that the turbidity 
sediments flow in a semi-circular manner within it. When 

muddy sediments strike one of the flanks within the can-
yon, a part gets bounced-off in an orthogonal direction to the 
semi-circular turbidity flow, leading to the formation of 
step-like small terraces on the other flank of the canyon. 
The step-like terraces observed in the present bathymetry 
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Figure 5. a, Multibeam swath bathymetry map over Swatch-of-No-Ground. b, Schematic diagram showing flow-
controlled incision of the canyon floor. 

 
 
data were also observed on two single-channel reflection 
records across the canyon5. The flank morphology of the 
canyon suggests that it is resulted by its meandering from 
east to west. These records show a sediment fill of about 
800 m. The upper half of this fill is faintly layered, 
whereas the lower part is chaotic in appearance beneath a 
strong reflector, suggesting that it is made up of irregular 
sandy beds or lenses. Both the records indicate step-like 
terraces, especially on the western side of the canyon. 
These terraces have been attributed to faulting and slump-
ing12. Curray et al.5 explained these terraces as a result of 
either lateral cutting of valley fill, or natural levee depo-
sition of smaller flows confined within the broad Swatch-
of-No-Ground trough. 
 The free-air gravity over the area varies from –11 to 
22 mGal, while the canyon is associated with a gravity low 
of 15 mGal (Figures 3 and 4). In general, the free-air gravity 
anomaly contours over the canyon trend in the NNE–
SSW direction, whereas towards the east and west of the 
canyon the contours trend in the E–W direction. The total 
intensity magnetic field over the area ranges from –5 to 
59 nT. About 30–40 nT of modest positive magnetic 
anomaly is observed over the canyon and the levee sedi-

ment deposition (Figure 3). The weak magnetic field over 
the canyon and adjacent parts may be due to the effect of 
the deeper basement overlain by thick Bengal Fan sedi-
ments. 
 An attempt has been made to compute the free-air gravity 
anomaly along the survey tracks 3 and 8 using GM-Sys 
modelling software. Crustal model was generated by as-
suming homogenous horizontal sub-surface crustal layers 
beneath the canyon at appropriate depth levels with var-
ied densities. Based on the available seismic constraints, 
a thick sediment layer of around 15–16 km was consid-
ered below the water column. Density of sea water was 
taken as 1.03 g/cubic cm. The density of the thick sedi-
mentary column was considered as 2.3 g/cubic cm, whereas 
a density of 2.2 g/cubic cm was assumed for the levee/ 
channel sediment deposition on the edges of the canyon. 
About 15 km thick crust below the sediments was assu-
med as the upper and lower crust, with density 2.7 and 
2.9 gm/cc respectively. Below the crust a density of 
3.3 g/cubic cm was considered for the mantle. 
 This crustal model has produced a low free-air gravity 
anomaly of the order of 23 mGal over the deep canyon, 
whereas the observed free-air anomaly low over this fea-
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Figure 6. Map showing changes in the morphology of the Canyon (Swatch-of-No-Ground) from north to south in the study area. 
 
 
ture is around 15 mGal. The excess free-air gravity anom-
aly of about 8 mGal may be caused due to the effect of 
minor undulations of the upper and lower crustal layers 
and also the levee sediments on the top of both the sides 
of the canyon. Keeping this in mind, several attempts 
were made by changing the horizontal surface of the 

crustal layers as undulatory in order to achieve a most re-
alistic fit with the observed free-air gravity anomaly, 
which is also supported by the magnetic anomaly. The 
best fit model is presented in Figure 7. 
 Further, model studies for total intensity magnetic 
anomaly have been attempted along the same survey 
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Figure 7. Model studies of total intensity magnetic and free-air gravity anomalies of the survey tracks 3 and 8 
across the submarine canyon (Swatch-of-No-Ground). 

 
 
tracks 3 and 8 using GM-Sys modelling software. The same 
crustal structure which was generated for gravity model-
ling was adopted by assuming the magnetic basement at 
the location of the upper crustal layer with susceptibility 
of 0.002 cgs units, and induced and remanant magnetiza-
tion parameters as inclination: 24°; declination: –1.35°; 
remanant magnetization: 0.003 emu/cubic cm; inclination: 
–67° and declination: 210° which are responsible for the 
observed magnetic anomaly. Several attempts have been 
made to achieve a best fit with the observed total inten-
sity magnetic anomalies. The final model is presented in 
Figure 7. 

 In the crustal section of Figure 7, the depth scale of the 
upper crustal layers from 0.5 to 1.5 km has been enlarged 
in order to show the features of the Swatch-of-No-
Ground, whereas the depth scale of the lower crustal lay-
ers from 8 to 32 km has been condensed in order to show 
the layers up to the mantle. 
 The model study revealed that the submarine canyon is 
not associated with any structural discontinuities such as 
faults and folds. Hence, it may be surmised that the sub-
marine canyon (Swatch-of-No-Ground) is a morphologi-
cal feature controlled by major river flow and underwater 
currents in northern Bay of Bengal. 
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 Gravity and magnetic data along with multibeam swath 
bathymetry across a major delta-front canyon in northern 
Bay of Bengal have provided important results on the 
morphology of the canyon. The important observations 
are as follows. 
 About 300 m deep and 18 km wide depression with 
step-like micro-terraces was observed. The depression 
runs in a NNE–SSW direction and forms a submarine 
canyon. The seafloor topography also shows 100–150 m 
thick levee sediment deposition on both edges of the can-
yon as the seafloor swells, spreading over a distance of 
10–20 km. In the area north of 20°07′N lat., the flanks of 
the canyon are characterized by a gentle, step-like slope 
towards the west and a steep slope towards the east, while 
in the area south of 20°07′N lat., the morphology of the 
canyon flanks is characterized by a gentle, step-like slope 
towards the east and a steep slope towards the west. It is 
also noticed that the levee sediments are relatively less 
accreted towards the deeper side of the canyon. 
 The anatomy of the canyon suggests that the turbidity 
sediments flow in a semi-circular manner within it. When 
the muddy sediments strike one of the flanks within the 
canyon, a part gets bounced-off in an orthogonal direction 
to the semi-circular turbidity flow, leading to the forma-
tion of step-like, small terraces on the other flank of the 
canyon, due to the meandering of the canyon from east to 
west as it proceeds south. 
 The canyon is associated with a low gravity field of 
about 15 mGal and weak magnetic field of the order of 
30–40 nT. The low gravity anomaly is mostly contributed 
by the depression of the canyon and a minor part of the 
anomaly (about 8 mGal low) may have been caused due 
to the effect of minor undulations in the upper and lower 
crustal layers and also the levee sediments deposited on 
the top of both sides of the canyon. 
 The model study reveals that the submarine canyon is 
not associated with any structural discontinuities such as 
faults and folds. Hence, it is surmised that the submarine 
canyon is a morphological feature controlled by major 
river flow and underwater currents in northern Bay of 
Bengal. 
 
 

1. Subrahmaniam, V., Sediment load of Indian rivers. Curr. Sci., 
1993, 64, 928–930. 

2. Krishna, K. S., Ramana, M. V., Gopala Rao, D., Murthy, K. S. R., 
Rao, M. M. M., Subrahmanyam, V. and Sarma, K. V. L. N. S., Pe-
riodic deformation of oceanic crust in the central Indian Ocean. J. 
Geophys. Res., 1998, 103, 17859–17875. 

3. Krishna, K. S., Bull, J. M. and Scrutton, R. A., Evidence for mul-
tiphase folding of the central Indian Ocean lithosphere. Geology, 
2001, 29, 715–718. 

4. Emmel, F. J. and Curray, J. R., The Bengal submarine fan, north-
eastern Indian Ocean. Geomar. Lett., 1984, 3, 119–124. 

5. Curray, J. R., Emmel, F. J. and Moore, D. G., The Bengal Fan: 
Morphology, geometry, stratigraphy, history and processes. Mar. 
Pet. Geol., 2003, 19, 1191–1223. 

6. La Fond, E. C., Oceanographic studies in the Bay of Bengal. Proc. 
Indian Acad. Sci. Sect. B, 1957, 46, 1–47. 

7. Coleman, J. M., Brahmaputra river channel processes and sedi-
mentation. Sediment. Geol., 1979, 3, 129–239. 

8. Eysink, W. D., Basic considerations on the morphology and land 
accretion potential in the estuary of the lower Meghana River. 
Bangladesh Water Development Board Land Reclamation Project, 
Technical Report No. 15, Chittagong, Land Reclamation Project, 
1983, p. 85. 

9. Curray, J. R. and Moore, D. J., Growth of the Bengal Deep Sea 
Fan and denudation in the Himalayas. Bull. Geol. Soc. Am., 1971, 
82, 562–572. 

10. Curray, J. R. and Moore, D. J., Sedimentary and tectonic proc-
esses in the Bengal Deep-Sea Fan and Geosyncline. In The Geol-
ogy of Continental Margins (eds Burk, C. A. and Drake, C. L.), 
Springer-Verlag, New York, 1974, pp. 617–627. 

11. Vonder Borch, C. and Sclater, J. G., Initial reports of the Deep Sea 
Drilling Project, XXII, Washington, 1974, p. 890. 

12. Shepard, F. P., Submarine Geology, Harper & Row, New York, 
1973, 3rd edn, p. 517. 

 
 
ACKNOWLEDGEMENTS. We thank the cruise participants of ORV 
Sagar Kanya (cruise-100) for help in the acquisition of multibeam 
echo-sounding data and other geophysical data in a small grid across 
the Swatch-of-No-Ground region. We also thank the Director, NIO, 
Goa for the encouragement and the two anonymous reviewers for their 
valuable suggestions. The Department of Ocean Development, New 
Delhi provided the ship for acquisition of data. This is NIO Contribu-
tion no. 4213. 
 
 
Received 2 April 2007; revised accepted 18 December 2007 

 
 
 
 
Occurrence of protandry in an  
aseasonal multivoltine moth:  
Implications for body-size evolution 
 
K. Muralimohan1,3 and Y. B. Srinivasa2,* 
1Department of Entomology, University of Agricultural Sciences, 
GKVK, Bangalore 560 065, India 
2Institute of Wood Science and Technology, P.O. Malleswaram,  
Bangalore 560 003, India 
3Present address: Monsanto India Ltd, 5th Floor, Ahura Centre,  
96, Mahakali Cave Road, Andheri East, Mumbai 400 093, India 
 
The behaviour of males emerging/maturing/arriving 
earlier than females is called protandry. Among insects, 
protandry has been reported only in those that are 
seasonal. This is probably because discrete genera-
tions, a requisite for protandry, are often reported in 
insects from seasonal environments. In what may be 
the first evidence for aseasonal multivoltine insects, 
we report protandry in Opisina arenosella, a tropical 
moth with discrete generations. The mean emergence 
time for males of Opisina was significantly earlier 
than that of females and the proportion of females in 
the population increased with progress in the flight 


