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Summary 

  

Presence of highly sinuous channel systems on the slope as well as abyssal plain part of deep water regime have been 

reported from almost all the deep water provinces around the world. Understanding the similarity and dissimilarity between 

these sinuous channels and the meandering fluvial channels can help in extrapolating the knowledge of land/shallow to deep 

water. Quantitative analyses of various geometrical parameters associated with the shape, form of the channels are being 

tried out. Deep water slope channels interpreted from closely spaced 3D seismic data set from east coast of India (Cauvery 

basin) are used in the study. A present day fluvial river interpreted from aerial photograph is also used for characterizing 

the fluvial environment. In the absence of any drilled well data the facies assemblages are interpreted based on the seismic 

amplitudes.   

 
Introduction 

 
Presence of sinuous channel systems in deep water 

regimes are being reported by various authors from 
almost all the deep water provinces of the world. 

Characterizing these sinuous channels pose challenges 
due to unavailability of more outcrop, seismic core or 

experimental data.   Shallow seismic data, side scan 
sonar, multibeam data are being widely used for 

characterizing these features. A number of authors have 
reported similarity between deep water channels and 

fluvial channels. Attributes like sinuosity, radius of 

curvature, meander length, radius of curvature, meander 
migration, avulsions and cutoffs  which characterize a 

fluvial meandering river are being reported from deep 
water channels( Flood and Damuth 1987, Clark et al., 
1992).Recently quantitative analysis are made using the 

above parameters to describe and understand the deep 
water system (Wood & Mize-Spansky 2009). This study 

aims at the similar objective of quantitative 
characterization of the channel systems and to describe 
the similarities and dissimilarities of the deep water 

channels and fluvial channels so that under standing of 
the fluvial regime can be extrapolated to the deeper 

waters. 
 

 
 

 

Data Used and Methodology: 
 

Various deepwater depositional elements are being 

identified from available 3D seismic data. Various 
horizons including the sea bottom were marked on the 

close grid 3D seismic data .Amplitude extraction along 
these horizons are used for identification of the 

depositional elements. Using GIS interpretation tool 
various parameters were measured for the channels. 

 

 
 
Figure 1: Map showing location of the study area. Bathymetry 

map for the deep water area is prepared using 3D seismic data. 

Onland River is identified from aerial photograph. 

 

This study is mostly based on the present day channel 

system active in the area which is interpreted from the 
amplitude map of the sea bottom. Instead of the radius of 
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curvature (ROC) of a channel meander , Meander arc 
height (MAH) is used. MAH is very much representative 

of ROC. This study is done for three prominent deep 
water channels which are showing good sinuosity and an 

onland  river for comparison. The onland  river / channel 

is actually identified from aerial photograph. All of the 

measurements presented here measured from amplitude 
slices. 

 
Figure 2: (a) RMS amplitude extracted along water 

bottom, (b) Schematic diagram prepared from the 

amplitude map showing various geomorphic features 

identified. The term “Ch” shown in this figure refers to 

Channel. 

 
 
 

 
 

 

Objective of the Study:  
 
Objective of this study is to characterize the deep water 
sinuous channels by quantitative analyses and then 

compare these channels with fluvial river to find out the 

existing similarity and dissimilarity between these two. 

 

Interpretation & Discussion  
 
It has been established that an inherent link exists 
between the dependent variables of channel geometry 

and depositional style and the independent variables of 
climate, sea-level change, and tectonics (Wood 

2007).Blum and Tornqvist, 2000 suggested various 

factors controlling channel geometry and their 
implication to facies distribution. They suggested that 

fluvial facies and depositional system are linked  to 
channel geometry through the spatial distribution of 
depositional landforms and environments .Again it has 

been seen that changes in channel geometry result in 
changes in lateral and vertical distribution of 

depositional environments and facies. These dependent 
variables are: Channel width, Channel depth, slope of the 

river channel, sinuosity, and meander wave length. 
 
In fluvial rivers various authors have tried to find out 

relationship between these parameters so that these can 
be used for characterizing the river system. A few studies 

of this type are actually done in deep water channels. In 

this paper the authors have tried to establish some 
empirical relationship between the above geometrical 

parameters and then correlating the result to the fluvial 
relations. 

 
Hudson and Kesel 2000 reported the ration between 

meander-bend curvature and channel width has a 
relationship to rates of channel migration. Again 
sinuosity has been shown to have relationship with 

channel sediment types (Schumm 1977).Author follows 
the definitions of various geometrical parameters used by 

Wood 2007 in the study. A schematic diagram showing 
these parameters is shown in figure 3. 
 

 
 

 

 
 

 

 
Figure 3: A schematic diagram showing definition of geometric 

parameters used in this study. (modified from Wood,2007)  
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A number of graphs were plotted taking various 
parameters for the analysis. Objective of plotting of these 

is to find out few parameters which can be used to 
characterize the deep water sinuous channels. A number 

of authors have tried these parameters for different case 

studies around the wolrd.Behaviour of the deep water 

sinuous channels with reference to the above parameters 
are also compared to those of the fluvial channels. In the 
text following abbreviations of these parameter are used : 

MAH – Meander arc height, MBW-meander belt 
width,MBL-menader belt length or meander belt wave 

length, CW-channel width. Detail description of cross 
plots between different parameters are described below: 

 

Sinuosity and Slope:  
 

Sinuosity of a meandering channel is controlled by a 
number of factors. Various authors  have studied 
relationship between different parameters and sinuosity ( 

Schumm 1977, Schumm et al. 2000).There occurs a 
definite relation between sinuosity and slope (in this 

study the slope refer to channel base slope). The 
channels adjust their sinuosity by meandering in order to 

maintain an optimum slope as it traverses varying 
regional slopes. The optimum slope is presumably one 
that is suitable to accommodate the volume of flow and 

sediment load which the channel must transport. From 
the plot between sinuosity and slope it can be seen that 

for some part of the channel there is a definite 

relationship between the above two parameters. As the 
slope increases the sinuosity also increases. This 

relationship between slope and sinuosity is commonly 
seen in fluvial channels (Schumm and Khan, 1972) 

Figure 4. From the plot between Slope against sinuosity 
it can be seen that the Channel 3 is more sinuous while 

Channel 4 & 6 are straighter. From the Channel 3 points 
it can be seen that for the lowest slope the sinuosity 
value is highest. Sinuosity increases with slope between 

the areas having slope of 0.5 to 1.5 deg. Those which are 
steeper than 1.5 deg shows lesser sinuosity suggesting 

more erosion. For Channel 6 also sinuosity increases as 
slope increases. 
 

 
Figure 4: figure showing relation between slope and sinuosity  

 

In figure 5 Sinuosity and slopes (valley slope) for three 

channels are plotted against channel distance. All of the 
three channels show a somewhat declining sinuosity as 

we move more towards basin part. Slope of The valley is 
also overlaid on each graph. Interpreting both of these 
simultaneously can lead to Identifying two types of 

zones. In one case where less sinuous values stand 
against steep slopes and in the other case higher 

sinuosity against gentler slopes. These zones cane be 
attributed to confined flow and unconfined flow 

respectively. Confined flow occurs where the channel is 
less sinuous and steeper slope. In this area the channel is 
more eroding and less depositing. 

 
 
Figure 5: Graphs showing variation in sinuosity and valley slope 

along the down slope direction of the slope channels.  

 

So there is less chance of development of levees or 
overbank deposits. All the deposition is actually 

constrained to the channel  form. Unconfined flow 

occurs when the channels are less sinuous and slopes are 
gentler. In these area there is overflowing of channel 

flow and deposition of levee/overbank deposits. So these 
data help us In identifying channel confinement flow 

(low sinuosity and low slope) and areas of no 
confinement of flow (high sinuosity, high slope).So 
increasing the sinuosity of a channelised system increase 

stresses on the banks and raises the probability  of bank 
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undermining ,out of channel flow and over bank escape 
of sediments ( Wood 2007).This sinuosity variation can 

be used to predict reservoir facies with in the channel or 
near by area. Schumm (1981) suggested a strong 

relationship between sinuosity and dominant grain size 

.With the deep water channels in the study area showing 

similar sinuosity values and behavior ,can be used to 
predict reservoir in case of a deep water channel. 
 

Sinuosity and Meander arc height: 
 
Meander arc height represents the tortuosity of a channel 
which is defined as the twisted shape or position of an 

object. Tortuosity affects the ability of flows to stay 

confined to the channel. MAH measure is typically used 
as a measure of bend symmetry (Brice 1984), but here is 

used as a measure of the fairway within which the 
channel is migrating, similar in nature to the meander-
belt width. Sand deposition is reported on the levees and 

overbank areas associated with high channel curvature 
(Pirmez et al.2000).So the zones of high curvature radii 

are the places where sediments escape the channel form. 
There is a direct relationship between meander arc height 

and sinuosity i.e. MAH increases as sinuosity increases 
(Wood and Mize-Spansky 2009).So actually when the 
channel starts to meander the sinuosity and MAH 

increases. Graph between Sinuosity and Meander arc 
height (MAH) showing increase in MAH with sinuosity 

is in figure 6. 

 
 

Figure 6: Graph between Sinuosity and Meander arc height 

(MAH) 

 

This direct relationship between these two have been 

reported by various authors. data from a land river is also 
plotted in the graph which also show the similar 
relationship as shown by deep water channels In most 

part the channels are having sinuosity between 1 to 1.5 
and MAH less than 1000m. 

 
 
 

Sinuosity and Meander Belt Width: 
 
Like MAH, there lies a direct relation between sinuosity 
and meander belt width (MBW). Graph between 

Sinuosity and Meander belt width (MBW) showing 

increase in MBW with sinuosity (figure 7). In maximum 

part the channels shows meander belt width less that 
1500 m. On land river is having similar trend as that of 
the deep water channels. Maximum  mbw is shown by 

the land river. A trend line fitted amongst the channel-1 
data shows a linear trend 

 
 
Figure 7: Graph showing a linear relationship between sinuosity 

and meander belt width (MBW) for both onland and deep water 
channels.. 

 

Meander belt width Vs Meander arc height: 

 
Ratio of meander arc height (which is a close alternative 

of radius of curvature) and meander belt width suggests 
meander migration ratio (Hudson and kesel, 2000).High 
ratio of these parameters is associated with high 

migration rate. A lineat relationship between MBW and 
MAH can be seen in figure 8. 

 

 
 
Figure 8: Graph between meander belt width (MBW) and 
meander arc height (MAH) showing a near linear trend. 
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Channel Width and Meander belt width  : 
 
Around a meandering channel, to which extent reservoir 
can develop is represented by meander belt width. So 

meander belt width defines the area within which the 

channel may migrate laterally (Wood and Mize-Spansky 

2009).Channel width is the cross sectional size of the 
channel form. So channel width is important to 
characterize the flow volume. From the plot it can be 

seen that there lies a moderate to fair relationship 
between channel width and mbw (Fig.9). for the zones 

having more mbw values corresponds to wider channel 
form. Hence MBW can be used to predict the size of the 

channel in many instances. Data from the Onland River 

falls well with in the deep water data trend. 

 
 
Figure9: Meander belt width plotted against channel width  

 

Meander belt width vs. Meander belt length: 

 
A poor to fair correlation exists between meander belt 

width and meander belt length (Wood and Mize-Spansky 
2009).Meander belt length is the fairway within which 

the reservoir unit is deposited. In the present study area 
although the data points presented here shows a scattered 
Pattern, a moderate to fair relationship between mbw and 

mbl can be seen (Fig. 10).Deep water channels studied 

here shows lesser meander belt length that that of the 

onland river suggesting more tighter meandering of the 
deep water channels So this plot can be used to predict 

meander belt length once we know the meander belt 
Width.Based on these two parameters three categories 
can be put forward. Those having low Meander belt 

width and low mbl, represents a low flow or  crenulous 
system. where mbw is low and high mbl, the System is 

more straighter in nature. Lastly those having high mbw 
and high mbl characterizes larger & very sinuous system. 
Most of the channel parts are showing mbw with in the 

range o f 1000 to 2000 m.Onland river is showing higher 
MBL than that of the deep water rivers. 

 
 
Figure10: Graph showing menader belt length plotted against 

meander belt width. 

 

Variation in channel width with distance (down the 

slope): 

 
Width of a channel is on of the factor determining 
volume of sediment flow within the channel. But there 

occurs no definite relationship between a channel width 
and within channel length (Wood & Mize-Spansky 

2009).So it becomes difficult to predict the size of the 
channel as we move down the slope or in the opposite 

direction. Channel width of the studied channel forms 

don’t show any definite trend. But in a general sense it 
can be noticed that there is a decrease in channel width 

as we go down the slope (Fig. 11). Average width of the 
above channel forms are as follows: on land river: 290 

m.Channel-1: 484, Channel-2: 405, Channel-6:423 m. 

 
 
Figure11: Varying channel width along the channel (in the 

down slope direction). 

 

Channel width Vs Meander arc height: 

 
It has been reported that increasing channel width is well 

correlatable with increasing meander arc height (Wood 

2007). When Channel width is plotted against meander 
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arc height it is clearly seen that with increase in channel 
width well correlates with meander arc height (Fig.12). 

From the figure is can be observed that for lower values 
of the two parameters the points are actually clustered in 

a smaller window while as the system becomes larger the 

points are scattered. Hence it can be stated that for larger 

system it is difficult to predict any of them if you know 
the other 

 
 
Figure 12: Graph showing a linear relationship between channel 

width and meander arc height (MAH) 

 

Channel width Vs meander belt length: 
 
Plot of meander belt length versus channel width show 
straight line Relationships which indicate that channel 
meandering is a fundamental characteristic of rivers and 

other flow systems (Leopold and Wolman, 1960). Here 
in the graph (Fig. 13) the deep water channels follow the 

same trend as shown by the onland river. So knowing 

one parameter can help in predicting the other in a deep 
water system.  

 
According to some researchers in modern fluvial 

channels, the ratio of meander wavelength to channel 
width is about 10, and the ratio of wavelength to radius 

of curvature is about 5 (Brice 1984).In this study the 
ratio between meander length and channel width ranges 

from 4 to 8, while the ratio between meander length to 

MAH is around 3 to 4.Although there lies a variation in 
values between onland river and the deep water 

channels, the trend line for both of these systems behave 
in a similar manner. 

 
 

Figure13: Plot between channel width and meander belt length 

showing no definite correlation  

 

Meander belt length and Meander arc height 
 

 
 
Figure 14: Diagram showing meander arc height (MAC) against 

meander belt length (MBW) 

 
Graph between meander belt length and meander arc 

height shows a somewhat straight line Relationship 
between the two parameters (Fig. 14). This relationship 

has already been reported for deep water channels in 

Amazon fan (Flood 1987). For meander belt length less 
than 5000 m ,deep water channels are showing similar 

values as that of the onland river. These deep water 
channels show meander arc height of 50 to 1200 m And 

meander belt length of 1100 m to 4100 m.These values 
are similar to those observed in various meandering 

rivers of the world as report by Leoplod and 
Wolman,1960  

 

 
 

 
 
 

 
 

 

 

 



 

 
Quantitative Seismic Geomorphology of Deepwater  

Slope Channels Using Bathymetry Data 

   

 

 

7 
 

Conclusion: 
 
Geometry of deepwater sinuous channels can well be 
compared with the meandering fluvial channels. the 

above quantitative analysis of different factors associated 

with form, shape& size can really be helpful in 

demonstrating the similarities and dissimilarities 
between both of the channel systems. From the study it is 
seen that there lies a linear relation between meander arc 

height and mender belt width with sinuosity. No direct 
relation between channel width with down slope distance 

can be seen.menader belt length & meander belt width 
can help in characterizing the flow pattern in a channel 

and in turn the facies association.  These understanding 

could be used to characterize the various associated 
features and the probable facies assemblage.  
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