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treatment, indicating internal localization of the same. This
finding explains the Cu(II}-sensitivity in the strain CS52.

In conclusion, we can say that Cu(ll} is toxic to the
system and induces several ultrastructural alterations.
Being an essential ion, its entry into the cell cannot be
prevented. The resistant cells must therefore encode
some mechanism to avoid the toxic action. Candida
guilliermondii strain DS31 has adapted a strategy to
accumulate Cu(II) extracellularly so that it could survive
under high levels of this metal.

L. Brown, N. L., Rouch, D. A. and Lee, B. T. O., Plasmid, 1992,
27, 41-51.

2. Cervantes, C. and Gutierrez-Corona, F., FEMS Microbiol. Rev.,
1994, 14, 121-138.

3. Silver, 8., Gene, 1996, 179, 919,

4. Ge, Z. and Taylor, D. E., FEMS Microbiol. Lert., 1996, 145,
181-188.

5. Odermatt, A., Suter, H., Krapf, R. and Solioz, M., Ann. NV,
Acud. Sci., 1992, 671, 484-486.

6. Rouch, D., Camakaris, J. and Lee, B. T. O., in Metal-lon Ho-
meostasis: Molecular Biology and Chemistry (eds Hamer, D. H.
and Winge, D. R.), Alan R. Liss, Inc., New York, 1989, pp. 45—
105.

7. Cha, 1. 8. and Cooksey, D. A., Proc. Natl. Acad. Sci. USA,
1991, 88, 8915-8919.

8. Gilotra, U. and Srivastava, S., Curr. Microbiol, 1997, 34, 378-
381.

9. Bitton, G. and Freihofer, V., Microb. Ecol., 1970, 4, 119-125.

10. Kneer, R., Kutchan, T. M., Hochberger, A. and Zenk, M. H,,
Arch. Microbiol., 1992, 157, 305-310.

11. Saxena, D. and Srivastava, S., Warld J. Microbiol. Biotechnol,
1998, 14, in press.

12. Mergeay, M., Nies, D., Schiegel, H. G., Gerits, J., Charles, P.
and Gijsegem, F. V., J. Bacteriol., 1985,162, 328-334,

13. Venkateswerlu, G., Yoder, M. J. and Stotzky, G., Appl. Micro-
binl. Biotechnel., 1989, 31, 204-210.

14. Cabral, J. P. 8., J. Gen, Microbiol, 1950, 136, 2481-2487.

15. Sigee, D. C. and AL-Rabaee, R. H., Prutoplasma, 1986, 130,
171-185.

16. Vaituzis, Z., Nelson, J. D,, Ir.,, Wan, L. W. and Cotwell, R. R,
Appl. Microbiol,, 1975, 29, 275-286.

17. Bhagat, R. and Srivastava, 8., J. Gen. Appl. Microbiol,, 19%4,
40, 265-270.

18. Gelmi, M., Apostoli, P., Cabibbo, E., Porru, 8., Alessio, L. and
Turano, A., Curr. Microbiol., 1994, 29, 335-341,

19. Ramamoorthy, S. and Kushner, D. )., Microb. Ecol., 1975, 1,
162-176.

20. Tohoyama, H., Inowhe, M., Joho, M. and Murayama, T, /
Indian Microbiol., 1995, 14, 126-131.

ACKNOWLEDGEMENT. This work was supported by assistance
from UGC, India, to DS.

Received 24 August 1998; revised accepted 9 November 1998

The meandering Indus channels:
Study in a small area by the
multibeam swath bathymetry
system — Hydrosweep

V. N. Kodagali* and Pratima Jauhari

Geological Oceanography Division, National Institute of Oceanogra-
phy, Dona Paula, Goa 403 004, India

The discharge of sediments by the river Indus has
accumulated into a 2500 m thick pile, forming one of
the largest deep sea fans in the world. Though there
are many reports on channels in different regions of
the fan, we report for the first time the presence of
distinct channels far from the mouth of the fan. A
multibeam seafloor mapping system, Hydrosweep has
been used to trace the channels and determine re-
lated physical parameters. The channels are largely
comparable in size and shape to some of the world’s
largest fluvial systems. :

LITHOGENIC influx due to erosion of the Himalaya has
resulted in formation of the Bengal and the Indus Fans'.
Both have formed predominantly due to turbidites origi-
natimg from the mouths of the Indus and the Ganges-

*For correspendence. (e-mail: kodagali @csnio.ren.nic.in}
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Brahmaputra river systems’. Most of the turbidity flows
have taken place during the Pleistocene and carlier times
of lowered sea level, and are thought to have been inac-
tive during the Holocene®.

In the past the Indus river discharged 200 cubic km of
water annually, and carried to the head of the Arabian
Sea some 450 million tonnes of suspended sediment’,
Today, the sediment discharge has been reduced to 45
million tonnes due to the construction of dams and bar-
rages. The piling of sediments has created the Indus
cone, a 2500 m thick pile of loose sediments on the
floor of the Arabian Sea, 1500 to 2500 km away from
the mouth of the river. Some of the sediments settled
immediately giving rise to the Indus delta. The rest have
been carried to deeper areas of the Arabian Sea by tur-
bidity currents as a dense sediment suspension through
the Indus Canyon*,

The bathymetry and internal structure of these fans,
deltas and cones have been studied by numerous inves-
tigators™®. Sedimentation and mechanism of sediment
transport in the entire fan has also been studied™®. The
available data on bathymetry, shallow acoustic character
of the sea floor, seismic stratigraphy, internal structure
and sediment distribution of the entire Indus fan have
been compiled’. However, the area undertaken for the
present study has not been studied.

The ‘GLORIA’ side scan sonar and seabeam swath
bathymetry system allows individual channels to he
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Figure 1. Location map and the Hydrosweep survey tracks in the
area.
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Figure 2. Grey shaded depth contour map showing the meandering
¢hannels.

traced over long distances, and to map them accu-
rately'®'*. The geometry of submarine channels meas-
ured from the GLORIA side scan sonar data have been
studied for 16 different submarine fans'. But study of
individual channels has not been undertaken for the
Indus channels. Sporadic attempts have been made to
study the meandering Indus channels existing at deeper
water depths. Here we study these meandering channels.
A multidisciplinary cruise was undertaken in 1993 on
ORV Sagar-Kanya covering an area between 12°00" and
13°20'N lat. and 66°30' to 69°E long. Multibeam swath
bathymetry system, Hydrosweep, was run in parellel
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tracks (Figure 1). The Hydrosweep works at 15.5 kHz
using 59 preformed beams (for technical details of the
system, see ref. 14). The cruise tracks were spaced at
4 nm. Though this provided good coverage of the
seafloor, the entire area could not be covered, resulting
in areas with no data as seen in Figure 2. The post proc-
essing of Hydrosweep data shows five distinct meander-
ing channels as far up to 12°18'N lat. between 67° and
68°30'F long. at a water depth of 4,200 m (Figure 2).
One of the meandering channels appears to be in the
state of getting modified into an oxbow lake. The Hy-
drosweep was used to measure parameters such as the
channel width, channel meander wavelength, radius of
curvature, amplitude and turtuosity (ratio between me-
ander length and channel width).

The data revealed presence of five distinct channels at
4,200 m depth. One of the channels at 67°15'E appears
to have a double wall side. Figure 2 shows grey shaded
depth contour in the study area. The water depths over
the entire fan varies from 1,400 to 1,600 m at the foot of
the continental slope to greater than 4,500 m at the
Carlsberg ridge®. The water depth in our area of study is
about 4,200 m. The normally prepared depth contour
maps {25 m contour interval) did not show these chan-
nels properly. Hence, a grey shaded depth contour map
(Figure 2) was prepared. We highlight these channels on
the sketch given in Figure 3. The slope angle contour
map (gradient of the field) is shown in Figure 4. The
channels show steep angles at 15°-30°. Other parameters
obtained using the Hydrosweep are tabulated in Table 1.
The sinuosity, meander patterns and associated morpho-
logical features of these channels are quite similar to
meander patterns and associated flood plain features of
targe fluvial systems on land, such as those of the lower
Mississippi river'®,

Our study shows that the channel distributaries extend
as far as 12°N lat. (Figure 2). The channels are very dis-
tinct, meandering, and continue further down. The can-
yon floors of the Indus are erosional in their proximal part
but become channel-levee systems with aggradational
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Figure 3. Traced paths of the deciphered channels.
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Table 1. Channel parameters obtained using the sea floor mapping system: Hydrosweep

No. of Meander length  Channel width Radius of Turtuosity
Channel bends Depth (m) X (m)Y Amplitude  curvature rafio X/Y
i 10 25,30 4650, 9000 854, 597 3400 1200 54,15
2 4 25 10200 940 5500 1200 10.85
3 3 28 10200 1100 3400 1750 9.27
4 7 30 5500 1195 2820 200 5.05
5 4 20 3840,5100 854 3400 1700 9.5, 597
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Figure 4. Slope angle contour (contour interval 3 degrees) of the area.
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Figure 5. Cross-section profiles across the channels. Arrows indi-
cate location of the channels. Beginning and end of profiles are indi-
cated on top of each profile.

channel -floors further down the fan’. Several large
channel-levee systems that emanate from near the mouth
of each Canyon complex are equivalent in size and lo-
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cation to those in the Amazon fan'’. Together they form
first-order channel-levee complexes, The large channel-
levee systems are enormous sediment bodies, up to
500 km long and 80 km wide with a maximum levee
thickness of 1100 m. There is a progressive decrease in
their size down the fan. The Indus fan has been divided
into upper, middle and lower fan regions. Though there
are many reports on distinct channels in different re-
gions of the fan, our study reports presence of the chan-
nels far from the mouth of the fan. In fact, it appears
that the channels extend farther south. The morphology
of the channels as well as the valley slope are influenced
by the type of the sediment transported'®. In addition,
factors such as flow type, seafloor topography, and tec-
tonic events may also affect the channel course. The
channel sinuosity increases with increase in the slope in
such a way that it maintains an optimum channel slope
suitable to accommodate the volume of flow and sedi-
ment load in the channel’®. Study of sediment samples
from the area, preferably using long cores, is needed to
understand the mechanism of transport of sediments in
the basin,

Figure 5 shows the cross-section of the channel pro-
files in the area studied. The arrows on the profile indi-
cate locations of channels. The eastern-most channel
marked as 1 has highest number of bends (10) as com-
pared to channel 3 which has only 3 bends. The average
depth of the channels is 26 m, the highest recorded depth
for channel 4 and 1 is 30 m, whereas channel 5 is the
shallowest with 20 m depth. The meander length of the
channels in the area varies from 3,840 m to 10,200m
whereas the channel width varies from 597 to [,195m
The ratio between meander length and the channel width
(turtuosity) ranges from 5.0 to 15.0 in the area (Table 1).

It is interesting to note that though the study area is
almost horizontal, the channels are not linear. They
seem to bend towards the east. There is no evidence that
this is controlled by topographic variation. Hence, some
tectonic control is likely,
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