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treatment, indicating internal localization of the same. This
finding explains the Cu{ll)-sensitivity in the strain CS2.

In conclusion, we can say that Cu(Il) 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(ll) extracellularly so that it could survive
under high levels of this metal.
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The meandering Indus channels:
Study in a small area by the
mulfibeam swath bathymetry
system — Hydrosweep

Y. 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-
nating from the mouths of the Indus and the Ganges—
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Brahmaputra river systems®. Most of the turbidity flows
have taken place during the Pleistocene and earlier 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 compiledg. 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 be
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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
channels.

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 muludisciplinary cruise was undertaken in 1993 on
ORY 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'E 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

large 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 vsing the sea floor mapping system: Hydrosweep

No. of Meander length  Channel width Radius of Turtuosity
Channel  bends Dcpth (m) X (m)Y Amplitude curvature ratio X/Y
| 10 25, 30 46350, 9000 854, 597 3400 1200 54,15
2 4 25 10200 940 5500 1200 [0.85
3 3 28 10200 1100 3400 1750 9.27
4 7 30 5500 1195 2820 900 505
5 4 20 3840,5100 854 3400 1700 9.5.5.97
cation to those in the Amazon fan'®. Together they form
gt s o, S b first-order channel-levee complexes. The large channel-
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Figure 4. Slope angle contour (contour tnterval 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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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 1n 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, 1s 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 10,200 m
whereas the channel width varies from 597 to 1,195 m.
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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Using global positioning system for
orthometric height determination for
ogravity surveys in Ladakh Himalaya
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Though GPS can be used for precise 3-D positioning,
the height thus measured is spheroidal which needs
to be converted to the orthometric height for any
practical use. This requires knowledge of the geoid
undulation that can either be measured using
GPS/levelling technique, or can be modelled from
gravity data. We carried out extensive field meas-
urements along a 100 km long transect in Ladakh
Himalaya to study the viability of using the GPS for
orthometric height determinations required for
pravity surveys. Geoid of the study area was also
predicted using global gravity models, e.g. OSU91
and EGM96. It is seen that even on high and difficult
terrain like that of the Himalaya, GPS can be used
for orthometric height determination with an abso-
lute accuracy of 1-2 m.

ACCURATE three-dimensional relative positioning 1S now
possible using GPS'™. A 100 km long baseline can be
measured with a repeatability of only few mm. Exhaus-
tive field experiments were conducted by USGS®. The
RMS residual about the best fit line of 233 km long
baseline were 0.03, 0.05 and 0.18 ppm for the north,
east and vertical components. The difference between
GPS results and Geodilite (a high precision LASER
distance measurement) was always less than 1 sd. A
GPS data comparison between VLBI and GPS meas-
urements over common baseline gave a difference of
0.05 ppm, close to 1 s.d. of GPS data.

The initial accuracy barrier like ‘anti-spoofing’ and
‘selective availability’ (S/A) imposed by the American
defence has been cleverly bypassed by the scientists,
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Several tactical developments have pushed the accuracy
level increasingly higher. Use of carrier wave in post-
processing for increasing measurement resolution, dual
frequency recetver to reduce ionospheric delays, differ-
ential mode to avoid S/A, use of precise ephemeries for
better accuracy and use of better tropospheric models
are few to name. This low cost, highly accurate and easy
to use space geodetic technique is distinctly advanta-
geous over the conventional terrestrial geodetic tech-
niques like triangulation, trilateration and levelling.
Unlike terrestrial surveys, GPS does not need line-of-
sight clearance, measurement length is not limited by
optical visibility and is much faster in operation.

GPS uses an earth-fixed earth-centred Cartesian co-
ordinate system called World Geodetic System-84
(WGS-84), and gives coordinates of the measurement
point 1n terms of X, ¥ and Z. Whereas these components
can readily be converted in terms of latitude and longi-
tude in any other system, height is given above a refer-
ence spheroid which has very lttle practical use.
Conversion of this spheroidal height into orthometric
(mean sea level) height, i.e. the height over geotd, re-
quires knowledge about the geoid-spheroid separation,
known as geoid undulation or geoid height at the meas-
urement point. Geoid height of a single point on the sur-
face can be actually measured by combined GPS and
levelling measurements over the common point, or geoid
undulation of a region can be modelled from gravity
data. To test the viability of using GPS for height meas-
urements, we carried out levelling and GPS surveys
along a 100 km long profile in Ladakh of western Hima-
laya. The same geoid undulation was also computed
from the global gravity model.

Spheroid is a mathematical, smooth surtace, closest to
the actual surface of the earth. Geoid is an equipotential
gravity surface, a very close approximation to the mean
sea level (msl), and is generally undulating depending
on the local sub-surface mass distribution. As sea sur-
face coincides with the geoid, it is much easier to map
geoid undulations over the oceanic region, In fact, the
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