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River Ganga makes a few meanders near Varanasi region in a distance of
about ten miles. Between Hazipatti and Ramnagar Fort (District Varanasi)
the river flows from ENE to NNW (downstream), making a meander and
then again acquires an ENE course forming another meander. The sediments
of the first meander, covering a distance of about six miles have been studied
by the authors to evaluate the parameters of the Ganga sands according to the
most recent concepts of measuring the size parameters.

INTRODUCTION

The holy river Ganga having its source in the mighty Himalayas, flows through
the vast plains of India and finally merges into the Indian Ocean at the Bay of Bengal.
Throughout this lengthy course, the river makes several meanders, one of which is
near Varanasi region where the river flows due north through a few meanders. The
first meander starts from near Hazipatti and ends near Ramnagar Fort, which is about
four miles south-east of Varanasi city. The second meander starts from Ramnagar
Fort and extends upto Malaviya Bridge for a distance of about four miles beyond
which the river acquires an ENE course (Agrawal et al. 1966-67).

The present study deals with the sediments of the first meander in the vicinity
(SSW) of Ramnagar Fort. Here the river flows from ENE to NNE and becomes NNW
near Ramnagar. The area under investigation lies partly in the Survey of India Topo-
sheet No. 63 0/3 and partly in 63 0/4. The sedimentation is confined only on the
left bank (slip off side) while on the right bank the process of erosion is active.

SAMPLING

From Banaras Hindu University ghat to a distance of about two miles towards
south on the left bank (slip off side) the ground is thoroughly ploughed. From this
point further south sands were deposited in large magnitude. Unlike the sands on
the east of the Varanasi ghats, which are frequently quarried for building purposes,
the sands of this area were in their natural state of deposition, retaining at places the
primary sedimentary structures like cross-lamination, ripple marks, mud-cracks, etc.
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The first sample was taken from the tip of this undisturbed deposit which is
approximately northwest of Milkipur. Subsequently twenty-two more samples were
collected at an approximate distance of 200-220 yds. each. The first few samples
were taken from near the water line and gradually the collection points were shifted
to the middle of the deposit so as to have the best possible representation of the
sediments.
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A STUDY OF THE SEDIMENTARY PARAMETERS 55

PROCESS OF ANALYSIS

The process of analysis of Ganga sands was essentially the one suggested by
Krumbein and Pettijohn (1938). About 100 g of the Ganga sediments of each
sample was taken in sieves starting from 0.75¢ and arranged at 0.5 ¢ interval in
increasing phi unit for mechanical fractionation. Individual fractions were carefully
recovered, weighed and percentage weights of different fractions were determined.

STATISTICAL MEASURE AND THEIR INTERPRETATION

The various parameters, viz., median siz, sorting, skewness and Kurtosis were
calculated from the data obtained from the cumulative frequency distribution curves
drawn on phi probability graph paper (Otto 1939). The values of textural para-
meters and the grain size distribution of the samples are listed in Table 1 as com-
puted by the formulae suggested by Inman (1952) and Folk and Ward (1957). Fig. 1
gives cumulative curves drawn on phi probability paper.

Fig. 2 illustrates the size-frequency curves of all the samples. Interpretation
of the results are discussed and compared with those obtained by Agrawal, Dixit and
Pandey (1966-67).

The Modes—It shows the grain size(s) of maximum concentration in a sample.
A sample having one particular size of sediments dominating over others
will be called ‘unimodal’ and will be represented on the size-frequency curve by a
more or less conspicuous peak. Curves with two conspicuous peaks will be termed
‘bimodal’, and so on.

Fig. 2 illustrates that majority of the sediments are bimodal (sample Nos.
5-6, 9-11 and 14-24); their frequency curves show the first conspicuous peak
situated around either 2.25 ¢ or 2.75 ¢ (both are fine sand) sizes. Only sample
No. 23 shows that the maximum number of grains have accumulated around
1.75 ¢ (medium sand) size. In all cases the second peak is in the finest size class
(in the present case) i.e., around or beyond 4.25 ¢ (silt) size.

Unimodal sediments are comparatively fewer and are represented by specimen
Nos. 2-4, 7-8 and 12-13. Out of these, in sample Nos. 3, 8, 12 and 13 the cons-
picuous peaks are around the 2.75 ¢ (fine sand) size, while in specimen Nos. 2, 4
and 7, the largest size group lies on the finer side i.e. 3.25 ¢ and 3.75 ¢ (very fine
sand) sizes, respectively.

Median Size—The ‘phi mean diameter’ (Inman 1952) and the ‘graphic mean
size’ (Folk and Ward 1957) of the sediments vary from 1.675 ¢ to 3.325 ¢ and
1.67 ¢ to 3.25 ¢, respectively, i.e., in both cases from ‘medium’ to ‘very fine sand’
sizes (Cadigan 1961). The finer sediments on this meander are coarser than that on
the trans-Ganga region, opposite Varanasi city.

Sorting—Cadigan (1961) states that the function of sorting is inversely pro-
portional to standard deviation; in other words :

1

ortin —
S g Standard Deviation

The ‘phi deviation measure’ (Inman 1952) and the ‘inclusive graphic standard
deviation’ (Folk and Ward 1957) values of the sediments vary from 0.200 $to 1.17 ¢
and 0.2112 ¢ to 0.9966 ¢, indicating thereby ‘very well sorted’ and ‘moderately
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Fig. 2

well sorted’ (Cadigan 1961) and ‘very well sorted’ to ‘moderately sorted’ (Folk and
Ward 1957) sands, respectively. In the present case the sediments of the northern
and middle part of the meander are very well sorted and the southern part is
moderately sorted according to Cadigan’s (1961) classification, while according to
Folk and Ward (1957), the sediments on the northern part are ‘well sorted’,
middle portion ‘very well sorted’ and the southern portion only ‘moderately sorted’.

With the exception of sample number 2, all the bimodal samples show that
the slope of the finer side of the respective cumulative curve is flatter than that of
the coarser side indicating thereby the poorer sorting in the finer size. In the rest
of the samples there does not seem much difference in sorting of the coarse, inter-
mediate and fine fractions.

Skewness—It is the measure of symmetry around the mean. Mathematically,
skewness is a function of standard deviation and is inversely proportional to it, i.e.

1
Standard Deviation

Skewness a

In other words this can be stated as “alack of symmetry in grain size distribu-
tion producing a lower skewness value than a similar lack of symmetry in a well
sorted sediment” (Cadigan 1961).

In the present case the ‘phi skewness measure’ (Inman 1952) and ‘inclusive
graphic skewness’ (Folk and Ward 1957) range from —0.460 ¢ to 0.745 ¢ and
—0.1701 ¢ to 0.8250 ¢, respectively which according to Cadigan (1961) is ‘negatively
skewed’ to ‘slightly skewed’ and according to Folk and Ward (1957) is ‘negatively
skewed’ to ‘very positively skewed’.
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Agrawal et al. (1966-67) have mentioned that the sediments of the cis- and
trans- sides show respectively symmetrical to moderate skewness and symmetrical
to slight skewness, but their observation that the sediments are actually negatively
skewed to slightly skewed (Cadigan 1961) on both the banks while according to
Folk and Ward’s classification the sediments on the cis-side are ‘very negatively
skewed’ to ‘nearly symmetrical’ and ‘very negatively skewed’ to ‘very positively
skewed’ on the trans-Ganga region are somewhat contradictory to facts.

Kurtosis—Cadigan (1961) defines it as ““.......... kurtosis, the measure of
peakedness, would be affected by deviations near the centre of the distribution. The
kurtosis values are similarly a function of the Standard Deviation.......... ”

Mathematically this can be re-stated as :

1
Standard Deviation

and not « the Standard Deviation (Agrawal et al. 1966-67).

According to Inman’s formula (classified by Cadigan 1961) the ‘phi kurtosis
measure’ of the sediments varies from 0.368 ¢ to 3.364 ¢ thereby suggesting ‘normal’
to ‘moderately peaked’ sediments. While according to Folk and Ward the ‘graphic
kurtosis value’ for the sediments ranges between 0.7225 ¢ and 2.8103 ¢ indicating
‘platy-kurtic’ to very ‘lepto-kurtic’ sediments. However, the majority of the sedi-
ments are ‘leptokurtic’ to ‘very leptokurtic.”

Kurtosis a

CONCLUSION

The present study of the sedimentary parameters of the sands from the left
bank in the downstream direction of the meandering river Ganga, SSW of Ramnagar
Fort was undertaken following the work of Agrawal, Dixit and Pandey (1966-67)
in the second meander from the point of view of studying the nature of the grain
size distribution in the two meanders. In the present study various parameters were
evaluated with the help of Phi Probability Graph paper and not on ordinary arith-
metic ordinates used by Agrawal et al. (1966-67). Folk (1966), while reviewing the
various methods of measuring the grain size parameters, has opined that the use of
arithmetic ordinates for determining the values of skewness and kurtosis is utterly
worthless. The two different methods used for the material obtained from the ad-
Jjoining meanders has brought out the differences in values, and hence the results
of the present study should be taken to be more accurate.

The present study shows that the Ganga sands mostly consist of medium to
very fine size. Majority of the sediments are bimodal due to the presence of consi-
derable amount of silt, particularly on the southernmost part of the deposit. They
are from moderately to very well-sorted sediments possessing negative to very
positive skewness and are platy-kurtic to very leptokurtic.
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