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An attempt is made to study the scatter diagram of sphericity and roundness.
Ttis discussed that due to limiting values between 0 and 1, both for sphericity
and roundness numbers, scatter diagram of these variables will always be
bounded by a closed curve. Some properties discernible from such dia-
grams have been investigated in the case of the Son River sediments. The
Son River sand samples studied by Misra and Valdiya appear to have been
collected from an area where the river is either on the verge of completion
of youth stage or hasg just entered into its mature stage. It seems probable
that the velocity of the transporting medium is moderate to high and that
most of the sediments have been brought in suspension with some in traction,
if any,

Sphericity and roundness are two fundamental properties of sediments
and are becoming more and more important in the present-day study of sand
characteristics.

In the present paper it is aimed to (i) study the scatter diagram of spheri-
city and roundness, and (ii) establish a relationship between these two
variables. ’

A scatter diagram may be prepared to investigate the relation between
any two variables. The two rectangular axes of the diagram represent
sphericity and roundness. Since the limiting values of both the variables
are 0 and 1, the field of distribution of these will be always bounded by a
closed curve without exception. The shape of the curve will be characteristic
of the group of sediments under study. This curve may be a circle, a loop
or an ellipse, etc., but never an dpen curve like the parabola or the hyperbola.

From the study of such a closed curve some sediment properties with
respect to sphericity and roundness are discernible :

(i) Whatever may be the shape of the closed curve, it will have a definite
equation characteristic of the particular group of sediments.

(ii) The scatter diagram reflects the amount and nature of deviation,
for instance, in the case of a circle, the two variables have equal range of
distribution and in the case of an ellipse the variable parallel to the major
axis has a wider deviation than the variable parallel to the minor axis.

(iii) In some part of the field, if there is relatively more concentration of
the values of the variables, it becomes the modal class, the limits of which

are defined by the limits of the concentration zone.
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(iv) When most of the values of the variables occupy a particular position
in the field, it connotes high shaping and rounding factors of the sediments,
i.e. the group of sediments are relatively uniform with respect to sphericity
and roundness. Of course it does not necessarily denote that the sphericity
and roundness numbers are also high.

A necessary clarification between (iii) and (iv) above is that, in (iii), there
may be a concentration of points at one place but there may be many others
widely scattered all over the field. In such cases though the modal class is
given by the limits of the concentration zone within the curve describing the
field, yet the shaping and rounding factors will have low values. In (iv),
the modal class may be again the zone of concentration, but the shaping and
the rounding factors will also be high because of the compactness in distri-
bution which is contributed by each individual grain.

(v) Such a diagram also indicates median values of the variables. If
other values are equally distributed from the median, it becomes the mean
value also, and in this case when the mean and median coincide, the distri-
bution is said to be symmetrical. When most of the values are on the right
of the central median, the distribution is described to be skewed positively,
and when on the left, then it is called skewed negatively. In the latter two
cases the distribution is asymmetrical.

It is seen that these informations can be inferred from a scatter diagram
of sphericity and roundness. The distribution pattern may be better obtained
statistically. The scatter diagram provides the data without going into
tiresome calculations. However, for correlation purposes, statistical deduc-
tions are more useful.

Work done by Misra and Valdiya (1960) may be cited as an illustration.
A 52-mile stretch of the Son River sediments, lying between Lat. N. 24° 30’
and N. 24° 56" and Long. E. 83° 36’ and E. 84° 13’ in Bihar, has been petro-
graphically studied by them. They collected samples both from the rear
and front of the confluence of the Son and Koel rivers. The shape analysis
of the sands studied by Misra and Valdiya reveals that there is no correspond-
ence between the sphericity and roundness, and the two values are inde-
pendent of each other, as remarked by Wadell also. They have also pointed
out that in all cases, except in two, the ratio of roundness number to sphericity
number comes to more or less as 0-7. The scatter diagram of sphericity and
roundness relationship of Misra and Valdiya is reproduced in Fig. 1.

It is observed from Fig. 1 that the scatter of the two variables describes
an ellipse—a closed curve—with coordinates of the centre as 0-81, 0-65,
semi-major axis, a = 0-37, and semi-minor axis, b = 0-21. From these, the
equation of the ellipse works out as
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Fie. 1. Sphericity and roundness relationship.

This equation is characteristic of the sphericity and roundness distribution
of the Son River sediments. The major axis of ellipse is parallel to y-axis of
roundness and the minor axis to z-axis of sphericity. This indicates that (i)
the roundness values are more scattered and (ii) comparatively the sphericity
numbers of the sediments are more compact. The modal class for sphericity
is 0-75—0-9 and for roundness is 0-5-0-8. Maximum grains are covered
within the area enclosed by the modal class range. The zone of maximum
concentration is pear-shaped. Fig. 1 indicates that the right ‘half of the
ellipse is more concentrated than the left half. This together with the
parallelism of the minor axis to sphericity constitutes evidence to show that
these sediments have (i) high sphericity values and (ii) a high degree of
uniformity with respect to this variable because of low deviation. Evidently,
then, the shaping factor, S.F., defined as a measure which determines the
uniformity in the sphericity of the sediments is given by

S.F.= l—é:—g,
S

where § = arithmetic mean sphericity, and d8 = the mean deviation, is quite
high because of low value of the mean deviation in view of the compactness
of the observation along the z-axis of sphericity. In contrast to this, the
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rounding factor, R.F. (Verma 1958), defined as a quantitative estimate of
homogeneity in roundness is expressed as

apP
RF.=1- -z
where P — arithmetic mean roundness, and dP = the mean deviation, is
high but not so high as the shaping factor because of wider dispersion of values
along the y-axis of roundness. The relatively greater concentration of the
values in the lower half of the ellipse suggest that most of the grains are
sub-rounded to rounded. There are some well-rounded grains appearing
from near the centre of the ellipse, upwards in the upper half, but sub-angular
ones are altogether absent. Majority of them are rounded to well-rounded
grains in the roundness grades of Pettijohn (1957).
The eccentricity e of the ellipse is given by

b2 = a?(1 ~e2). \
Substituting the values of ¢ and b from the equation of ellipse, we get
(0-21)2 = (0-37)2(1 —e®)
ie. e == (82,

This establishes the relationship between the major and minor axes,
a and b of the ellipse which are parallel to the axes of roundness and sphericity
respectively. Eccentricity is important in the sense that it controls the scatter
of the two variables. The value of €2 is surprisingly very near the ratio of
roundness to sphericity which works out to 0-7 (Misra and Valdiya). Further,
the foci of the ellipse are given by +ae which in this case works out to 0-23.
Plotting the foci on Fig. 1 we get their coordinates as (0-88, 0-81) and (0-42,
0-81). Practically all the grains are covered within these limits, mdxca.tmg
thereby a tendency of the sediments to attain uniformity. If the various
values of the two variables were on the ellipse itself, their relationship could
be expressed simply as an elliptical function, but such is not the case, as the
points lie within the curve having an elliptical shape.

Large number of rounded and well-rounded grains are indicative of long
abrasive history during which the corners and edges have been worn out.
A complete absence of gwb-angular grains suggests that the river has left its
initial stage and hag glmost completed the youth stage or is on the verge of
entering into the mature stage. This is further supported by the mechanical
analysis Misra and Valdiya carried out in which about 50 per cent of the sand
are still ‘ coarse’ but the sorting coefficient is very high.

Most of the sediments have very high sphericity. Sphericity study reflects
conditions of deposition. Deposition of sediments in a river is normally under
free settling conditions except near the mouth when it is due to hindered
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sett}ing. Under free settling conditions the rate of falling of particles depends,
other things being equal in each case, upon the following:

(1) specific graﬁty, (2) size and (3) shape,

besides density, viscosity and the velocity of liquid, in this case water. Misra
and Valdiya have found that about 0-9 per cent to 4-3 per cent of the material
constitute ‘heavy minerals’. Overwhelming majority of the grains are
therefore of more or less the same specific gravity, may be all ‘quartz’
forming the light fraction. Secondly, very high sorting coefficient, ranging
from 1-75 to 1-14, indicates that there is a great similarity in size as well.
In view of these discussions it would appear that perhaps sphericity has
played an important role in the deposition. The greater the sphericity the
lesser is the surface area. All conditions being the same, the sediments with
the least surface area will tend to settle earlier. Paucity of grains with lower
sphericity number tends to suggest that the velocity of the river has decreased
so that it is unable to retain more spherical grains and hence these are dropped
off for deposition. It indicates a moderate to high velocity (which practically
prevents silt and fine sand deposition to a large extent) of the transporting
medium. To some extent, it also indicates the depth of the water column
which should be at least moderate enough to prevent the silt and fine sands
to settle due to the upward thrust. These arguments hold good when the
sediments were brought in suspension and their high sphericity is either
inherent or modified by abrasion between the sediments. Quite an opposite
inference can be drawn if the sediments are brought in by the traction, because
in that case longer and flatter grains would tend to settle earlier as they will
offer resistance to rolling due to greater surface area. In traction, the more
spherical grains would roll forward easily and therefore will tend to accu-
nfulate-later. The first case, in which the grains were transported in sus-
pension, seems to be more tenable than the one in which they are brought in
traction because of relatively coarser but very well-sorted sediments occurring
in the depositional area. This is possible only when the velocity of the trans-
porting river is high, and the depositional site has some appreciable distance
within which such high degree of sorting may take place. It would appear
therefore that the river-flow is moderate to high and a greater bulk of the
gediments is brought in suspension with little grains brought by traction
occurring in the left half of the ellipse.
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