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ABSTRACT _

CHA I:THAN, O. S., 1989. Sedimentological parameters of the beach sediments of the east coast
of India. J ournol ofCoastal Research, 6(:3), 57~~-585. Fort Lauderdale (Florida). ISSN 0749-0208.

Study of variati~ns. in ,the sedimentological parameters of 450 representative samples from the
east coast of l nd i a i nd ica te that the sediments possess a mean grain size in the medium to fine
sand class (O.~ to.3.5 phi l; have polymodal or bimodal distribution; are well to moderately sorted
(sta~dard.de.vla~lOn 0 ..'3 to 1.00 phi); the majority of them are negatively skewed and the sand
to-silt r a t io IS higher. High input of the source sediments to an area resulting in deposition on
t~e beach: reduces ~e~n size; deteriorates sorting; induces positive skewness; results in higher
sIlt. content and posi t ive mean cubed deviation. Variations in the textural parameters of the
sedlme.nts. there~ore. not only depend to a large extent upon the magnitude of geomorphic pro
cesses In the surf zone but also on the supply of the sediments.

ADDITI.ONAL INI?EX WORDS: Beach, beach sediments. geomorphic processes, size parame
ters, euinro nment of deposition.

INTRODUCTION

A beach is an accum ula tion of sediments
formed under wave action and its state at any
given time reflects various morphodynamic pro
cesses operating in the littoral zone, e.g.
breaker height, shoaling of waves, velocities of
shore normal and shore parallel flows at gravity
and infragravity frequencies (WRIGHT and
SHORT, 1984). The significance of sedimento
logical studies to decipher the imprint of these
geomorphic processes has been appreciated by
BASCOM (1951), KING (1951), PASSEGA
(1957,64), FOLK and WARD (1957), SAHU
(1962, 82, 84), FRIEDMAN (1961, 67, 79),
VISHER (1967) and EMERY (1978).

Regional variations in the sedimentological
parameters of the beach sediments along the
east coast of India are not well understood due
to the paucity of studies. The work of SHRI
VASTAVA and RAO (1976) and CHAKRA
BARTl (1977) covers only two beaches at Gopal
Pur and Digga. To determine the regional trend
in various sedimentological parameters, stud
ies were conducted at Konarak, Puri, Machil
lipattanam and Cuddalore beaches (Figure 1),

87060 received 27 November 1987: accepted in revision 11 December
1988.

distributed along the east coast of India in an
attempt to give a regional picture. The regional
variations in the sedimentological parameters
have been evaluated in the light of the distinct
physiographic setting of these beaches, varia
ble sediment input (ranging from insignificant
to extremely high) and the observed littoral
current patterns and prevalent wave climate.
As the data set of the present work is from het
erogeneous beach environments, binary plots
between some significant size parameters on
the data set have also been obtained to evaluate
their usefulness in deciphering the depositional
environment of the paleo beach deposits.

STUDY AREA

The beaches selected for this study are open,
directly exposed to the Bay of Bengal and are
over 7 km long. Each beach also had a distinct
physiographic setting. The beach at Konarak is
located between the Prachi , Devi and Kush
bhadra Rivers, receives nourishment through
longshore currents and has reduced erosion
during monsoon seasons of high waves and
strong littoral currents (CHAUHAN, 1986).
The subaerial beach was 110 m wide with a
slope of 3 to 4 degrees. The surf scaling param
eter at the beach was, ~ = 23.3 and it was at
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Figure 1. Location map of the study area.
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"longshore trough and bar" state (WRIGHT and
SHORT, 1984) during the period of observation
(December to February).

Puri beach is located south of the Konarak
beach and has much less sediment input than
the Konarak beach due to its distant location
from the river source, e.g. rivers Prachi , Devi
and Kushbhadra and pattern of the longshore
current, and therefore, the sediments of this
beach should depict the effects of reduced sed
iment input. The beach was 95 m wide with 6
degrees beach slope during the period of obser
vations. Surf scaling parameter at this beach
indicated a reflective state (~ = 14).

Machillipattanam beach is located between
the distributaries of two major rivers, Krishna
and Godavari, which together have a combined
discharge of 122 x 10 9 m:1 per year and yield a
tremendous input of river sediments to the
beach. The width of the beach was about 150 m

and it was at a "dissipative state" (~ > 30) with
a low beach slope of 2 to 3 degrees.

Cuddalore beach which does not have any
ri ver source provides a site to study the sedi
mentological parameters of a beach with insig
nificant fluvial sediment input. The beach was
95 m wide and beach slope was 5.6 degrees dur
ing the period of observation. The beach was at
"highly reflective state" (~ = about 10).

MATERIALS AND METHODS

In all, 450 sediment samples (135 each from
Konarak and Puri and 90 each from Machill i
pattanam and Cuddalore) were collected during
the mild wave season (December to February)
from the upper 5 em of the beach surface using
a teflon screw-in corer (Length 30 em, diameter
8 em), along and across 6 transects extending
from berm/baekshore to slightly below low tide

Journal of Coastal Rcsca rch , Vol. 6, No. :1, 1990
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Figure 2. Sampling plan along a profile.

(Figure 2). The profiles were taken at 1 km
intervals along the beach. As the studies are
aimed at comparing the gross textural proper
ties of the sediments, no attempt is made to
present the results in an individual sample.

The collected sediments were washed, oven
dried at 70°C and 100 g was obtained by coning
and quartering. Mechanical analysis was car
ried out by sieving at 0.25 phi interval using a
Ro-Tap sieve shaker and A.S.T.M. 20 em diam
eter sieves (mesh No 6 to 350) for 15 min.

The various moment measures were com
puted on a N orsk Data 520 computer based on
the formulae of FRIEDMAN (1979). The results
of the sedimentological parameters on each
beach, in different physiographic units, i.e.
berrn/backshore, low, mid and high tide level
(Figure 2) were obtained and presented.

Binary plots were obtained between (i) < 62
um fraction and moment standard deviation (ii)

< 62 urn fraction and moment skewness (iii) <
62 u.mfraction and first percentile (iv) < 62 urn
fraction and simple skewness measure (v)
moment mean and moment skewness (vi)
moment standard deviation and moment skew
ness (vii) moment standard deviation and mean
cubed deviation and (viii) cubed standard
deviation and mean cubed deviation.

The physiography of each beach is based on
the Indian Naval Hydrographic charts 352,355
and 357. The wave parameters for each beach
have been obtained from the daily reports pub
lished by the India Meteorological Department.
Details of the profile measurements and deter
mination of "HoI', "H," , "To" and littoral current
patterns for the study area have been described

by CHAUHAN (1986), CHAUHAN and CHAU
BEY (1988) and CHAlTHAN et al. (1988).

Wave refraction patterns for all the beaches
have been obtained following numerical
method (HARRISION and WILSON, 1964) for
the To = 6, 8, 10, and 12 sec, on the ND 520
computer. Common assumptions as detailed in
the Shore Protection Manual (1977) have been
adopted. The wave directions for these studies
for each beach have been determined based on
past 10 years of wave data (as given in the daily
reports of India Meteorological Department),
and the orientation of each beach. The varia
tions in the refraction function (at 2 m depth)
which provided the information regarding wave
energy distribution along the coast together
wi th the direction functions have been used to
construct the littoral current patterns and to
mark the area of wave energy concentration
along each coast.

RESULTS AND DISCUSSION

During the course of the present work, at all
the beaches undertaken for this study, the prev
alent waves were mild (H, = 1 to Ho = 1 
1.5m and To = 5 - 6s) and they were generally
from the NE to NNE direction (Table 1). Figure
3 depicts the littoral current patterns for each
beach as observed during the course of sample
collection, i.e. during December to February.
The narrow continental shelf off the east coast
of India, in general, leads to an oblique wave
approach to the coast. Based on the results of
wave refraction studies, the littoral current
patterns and the area of the concentration of
wave energy for To-6, 8, 10 and 12 sec and prob
able wave approaches, for each beach, are
obtained and presented in the Figure 4. The
nature of the beach and the rate of the accretion
or the erosion at all the beaches, obtained
through beach profile monitoring at 6 transects,
between February 1978 to 1982, are presented
in the Table 2.

The gross textural parameters of the beach
sediments in the study area vary within a wide
range (Table 3). The observed changes, in dif
ferent moment size measures along these east
coast beaches are presented below.

Mean Size

The sediments of the beaches of the east coast
of India, in general, fall in the medium to fine

Journal of Coastal Research, Vol. 6, No.3, 1990
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Figure :1. Observed current patterns (based on float rnovr-
mcnt s i at the beaches of the study a ro a d ur i ng Dcco rnbc r to

February.

sand range (Table 3 L The sediments of the
Machillipattanam beach are the finest (mean
size 2 to 4 phi) with the sediments at Cuddalore
the coarsest. At Puri beach, sediments at the
low tide region are marginally coarser than the
sediments of Konarak. The sediments of Pur i ,
Konarak and Cuddalore are mostly polymodal.
The sediments at Machillipattanam beach are
predominantly bimodal (Table 3L

Mean grain size of the beach, to a large
extent, depends upon three major factors, i.e .
nature of the source sediment, wave energy
level and general offshore slope (KOMAR,
1976), CHAUHAN et al. (1988), in order to
determine the mean grain size variations on a
sandy beach as a resul t of change in wa ve
energy level. monitored mean grain size in Puri
and Konarak for over 4 years. They have
reported that duri ng low energy conditions (H"
= l m , To = 5 sec) the mean grain size was
smaller than in the rough weather (H" - 2.5m,
To> 8 sec). The influence of sediment supply
and wave energy on the mean grain size of the

~ Area of wave energy
concentr ation

Figure 4. Pat tr-r ns of the littoral currents and area of w a ve

c no rgv concentrations obtained for the beaches of the study

arc-a for To-G. H, 10 and 12 sec from the rcfract.io n functions

and di r e c t io n f'un ct ions rd i red ion of the' wave approach 1s

sh ow n within circles on each sct l.

beach sediments is further evaluated in the
present study. The majority of the sediments in
the foreshore region of the Konarak beach are
finer than those of Pur i , despite the similarity
in the prevailing hydrodynamic regimes (Table
1L The variations in the size therefore, seem to
be influenced by the intensity of the fluvial com-

.lourna l of Coastal Research. Vol. 0, No. ;-1. 1990
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ponent. Konarak beach, due to its location
closer to the river source and favourable NE
longshore currents, has finer mean grain size
(CHAUHAN, 1986L The sediment supply to
Puri beach is reduced (Table 2), due to weak NE
currents (0.1 to 0.2 ms I, Figure 3) which are
incapable of transporting the sediments of the
river source to the distant Puri beach.

The higher polymodality of the sediments at
Puri and Konarak beach stems from the source
sediments contributed by the Prachi, Devi and
Kushbhadra Ri verso These sediments are
eroded from the alluvium constituted of the sed
iments mainly reworked by these rivers, com
prising the different modes.

The finest sediments at Machillipattanam
beach reflect high input of the sediments to the
beach because of its location between the rivers
Godavari and Krishna. Both the rivers have
very high sediment load (Total Suspended Mat
ter 1840 and 1158 ppm or 187 and 14.4 million
tonnes a year for Godavari and Krishna respec
tively, SUBRAMANIAM, 1987) and part of this
discharge finds its way to Machillipattanam
beach through favourable littoral currents com
monly 0.1 to 0.40 ms 1 from NE during fair sea
son (Figure 3) and 0.2 to 0.7 ms I from the SW
during the rough season (Figure 4). The high
input of the sediments to this area fa vours
higher accumulation of fine sediments along
this beach (Table 2).

The erosion at Cuddalore (Table 2) resulting
in the depletion of fine sediments, which are not
replenished due to insignificant input of sedi
ments, appears to be the reason for the coarse
ness of the sediments.

Standard Deviation

The sediments at Konarak, Puri and Cudda
lore are generally well sorted, whereas the sed
iments at Machillipattanam are generally mod
erately sorted. The values of moment and
graphic standard deviation show similarity due
to high correlation between them (r =- 0.86, P
= 0.01) (SEVON, 1968; CHAUHAN and
CHAUBEY, 1988).

Among the different physiographic sub-units
at each beach, the sediments of Konarak and
Puri from the berm and high tide zone have
poorer sorting, which appears to be the result of
the mixing of the fine sediments from the dune
belt or partially induced by the presence of

shelly material. Entrapment of swash deposited
fine sediments, leads to the poorer sorting at the
high tide level.

The poor sorting of Machillipattanam sedi
ments may be ascribed to the finer size of the
sediments. The influence of size on the sorting
has been established by GRIFFITHS (1951),
INMAN and CHAMBERLIN (1955), and FOLK
and WARD (1957), They have observed that
medi urn to fine sand is better sorted than very
fine sediments. The poorer sorting may be, in
part, because the sediments at Machillipat
tanam beach are part of the sediments dis
charged by the rivers Krishna and Godavari,
and still retain remanent characters of an ante
cedent environment.

Skewness

In the present work, between moment and
inclusive graphic skewness, the value of
moment skewness which is 4.35 SkI (FOLK and
WARD, 1957) and considered more represent
ative (KOLDJIK, 1968) has been taken for dis
cussion. As each physiographic unit at all four
beaches shows variations in the values of the
skewness, the results of each sub-unit are dis
cussed separately.

At Konarak berm, 70(;(, of the sediment sam
ples have symmetrical and 30% have negatively
skewed distributions. The negative skewness of
some of the berm sediments is due to the pres
ence of coarser shelly material which is left
behind after high wave energy conditions (H, =
2 to 4 m and To = 8 to 10 sec, during monsoon).
The sediments at other physiographic sub-units
of this beach are generally positively skewed.

The majority of the Puri berm sediments (80
per cent) are positively skewed. The sediments
at other physiographic sub-units are negatively
skewed. The positive skewness of the berm sed
iments results from the con tribution of fine aeo
lian sediments, transported from the foredunes
by offshore winds (CHAUHAN, 1986),

The sediments for all physiographic sub-units
of the Machillipattanam beach are, in general,
positively skewed. The sediments at Cuddalore,
show symmetrical distribution at the backshore
whereas in the remaining units they have
deviation towards negatively skewed distribu
tions.

The variation in the symmetry of the distri
bution reflects the prevailing environment of
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'1

deposition at different areas. The excess of
coarser tail (negati vely skewed distribution)
depicts the depletion of the fine sediments and
suggests the dominance of the erosional
processes. The positively skewed distribution
(having more of the fine sediments), indicates a
depositional tendency (DUANE, 1964), The sed
iments at Konarak and Machillipattanam
beach have positively skewed distribution indi
cating high supply of tine fluvial sediments. At
Puri and Cuddalore beaches, where erosional
processes are dominant, sediments are gener
ally negatively skewed indicating selective
winnowing of the fine sediments.

Binary plots between moment standard
deviation and moment skewness (Figure 5A),
moment standard deviation and mean cubed
deviation (Figure 5B), cubed standard devia
tion and mean cubed deviation (Figure 6), and
moment mean and skewness (Figure 7) have
been suggested to differentiate beach, river and
dune environments (FRIEDMAN, 1961, 1967,
1979) and CHAKRABARTY (1982). The sedi
ments of the beaches of the east coast of India,
in general, occupy the area demarcated for the
beaches. However, at the beaches where the
supply of the fine sediments is high, as reflected
by the positive values of mean cubed deviation
and skewness, the spread of data over other
domains has been observed. The poor sorting of
the sediments resulting due to mixing of fine
sediments further adds to it, and hence, these
plots do not have a good fit for the data set of
these beaches.

Sand and Silt Ratio

The sand.si l t ratio is environmentally sensi
ti ve and has been considered as a useful cri te
rion to distinguish the different depositional
environments, i.e., beach, river and dune by
SHEPARD (1964), FRIEDMAN (1967, 1979),
and ASSEEZ (1972). This ratio shows wide var
iation along the beaches of the study area. The
sediments of Machillipattanam have the high
est amount of silt, which is present only in a few
samples at Konarak, and fewer samples at Puri
(Table 8 L At Cuddalore sedi ments are devoid of
silt. The higher content of silt at the Mach i ll i

pattanam beach is a result of high supply of fine
fl uvial sediments through favourable littoral
currents (Figure 3 and 5),

-- --
.-- - +-- ...--------.-..• -- - ......~- ............._~

-- -- ---+-- ...... _--- - -- ~
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Figure G. Binary plot be t wco n moment standard deviation

and moment sk cwru-ss I A l. and between moment standard

deviation and mean cubed deviation (B) (demarcation of the

fields for beach. river and du nr- is shown based on FHIEDMAN.

1979),

Binary plots between <, 62 u m fraction and
moment skewness (Figure SA), < 62 urn frac
tion and moment standard deviation (Figure
RB), 62 u.m fraction and first percentile (Fig
ure 9A) and <, 62 urn fraction and simple skew-
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ness measure (Figure 9B) ha ve been used to
demarcate beach and ri ver environments by
FRIEDMAN (1967, 1979) and CHAKRA
BARTY (1982). The sediments of the beaches of
the present study, to some extent, fall in the
area designated for the beach sediments. The
sediments of the beaches which are under the
influence of fluvial source are, however, spread

over river domain and thereby reduce the appli
cability of these plots,

Mean Cubed Deviation

The val ue of mean cubed deviation reflects
absence or abundance of the fine sediments and
has been used by FRIEDMAN (1967, 1979) to
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differentiate river (positive mean cubed devia
tion), foredunes (slightly positive values) and
beach sediments (negative values). In the pres
ent study the variations in the values of the

mean cubed deviation are found to be related to
the sediment supply. The high supply of sedi
ment to Machillipattanam and to a lesser
extent to Konarak yields positive values. At
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Puri and Cuddalore beaches, the paucity of the
fine sediments due to insignificant fluvial input,
is reflected by the negative to marginally posi
tive values of mean cubed deviation (Table :3).

CONCLUSIONS

The results of the present study lead to the
following conel usions:

(1) The size of the beach sed iments from the
east coast of India varies from medium sand to
fine sand.

(2) 'I'he sediments are generally well sorted.
The sorting of the sediments deteriorates w i th
reduction in grain size due to the addition of the
different modes of the sediments.

(3) Skewness of the majority of the sediments
is nega t.ive (excess of coarse fraction), indica
tive of dominance of erosional processes,
whereas deposition is marked by positive skew
ness (excess of fine sediments).

(4) Sand-silt ratio of the beach sediments is
high, except where, the sediment input by riv
ers is significant.

(5) Mean cubed deviation of the sediments in
the present study are negative or slightly pos
itive, except at the places where, the beach sed
iments are influenced by river sediments.

(6) Different binary plots, used to distinguish
the beach environment, show deviations in the
cases where the deposi t ion a t the beachis
higher, and may be used only with due caution.
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1 ZUSAMMENFASSUNG i--'
Untersuchungen dcr Schwankungen scdi mcn tnlog ischcr Parameter von 41)0 rcprasc n tativc n Scd imcntprobcn del" i nd ischcn Ost

kustc zeigen folgende Ergebnisse: Di« Sed i mcn tc haben m i tt lcrc Korndurchrncsscr im Fein- b is Mi t.tc isu ndbcrci c h. dip Kor n ve r

teilungskurve ist polymodal oder bimodal, die Korriunz gut bis normal sort ie r t , dip Kornvertet lung zeigt cine npgative Sch iefe

und das Sand-Soh! uff- Vorhaltn is i st hoch. In d i{~ K listengpbiet von au~3erhalb eingetragene Sedi mente lagern s i eh vorwiegcnd a m

Strand ab und verandern dart die scdirncnto log ischcn Parameter. Del" rn it t le ro Korndu rch mcsse r nimmt ab, dip Sort.ie r ung w i rd

schlechter. die Sch icfe der Kor nvcrtci lu ng n i mrnt Zli lind del' Sch luffa n t ci l steigt. nil' bcobacht ctcn Vcrandcru nac n sind a uch auf

Vorgango in del' Brechcrzonc zuriiekzufiihren.-Rf'inhard lriechm o nn , n'SA Bremerh acen, West German rFRG).

! 1 l{f~SUMI~ 1- 1

L'etudc de la variation des parametres scd i mc ntnlog iqucs de 450 cch ant.i l lons representat ifs de la cote Est de lLndo indique que

les sediments ont un grain moyen a fin (0.9 a 3,5 phil, ont un e distribution polymod a lc ou bimodale, sont bien <.1 modcrc mcnt tries

U~~cart-type compris entre 0,3 ct 1 phil; la major i t.e dr-ntro cu x ont u nc asvmct r ic negative c t lc rapport sable/silt est 6Ievl'. Un

apport e lcvc de Ia source sedimentaire a une zone se t r adu isa n t par u n depot, a pour consequence la diminution du grain moyen.

la deterioration du triage, avec u n e asyrnct.rie posit i vc. une plus forte t.encu r pn si lts et un eca rt moyen cu hi que posi t if. A uss i , £1

grande cchc l le, lcs variations des parametres t cx t ura u x des sod i me nts n e dr-pcn dcnt pas scu lcmcnt de l'ordrc de grandeur des

processus dactions dvn aruiqucs de la zone de dcfr-r lcmcn t , m a i s a ussi des apports scdimentarics.--Cathcrine Breesol ier (EPJJE,

MontrolJge, France).

RESUMEN r-I

EI estudio de las v ariacioncs en los pa rarnct ros scd i mcn tulogicos de 450 rnucst r as rcprcscn t.at ivcs de la costa Est.e de la India

indica que los sedimentos po secn un ta ma no mcdio de grana hacia c l mcd io de 1£1 cl a s« de are-na tina (phi de O.!1 a :~.!»); t.icnr-n una

ditribuci on pol imoclal 0 hi modal; est.an entre hi e n .y modcrad a mcnt.o graduados r var i a nza entre 0.:3 y 1.00 ph i i: la mayor parte

tienc un scsgo negative y Ia rc lac io n arena-limos cs mas alta.

El aumento del transpartc de sedimentos en un area induce o n la ~..;{'dim('nta('i6n sobrc la playa, reduce e l t a ma no media. dc t criora

la distribuc ion. induce un scsgo posit.i vo. produce u n mayor co nt c n i do de limos y una dcsv i ac ion no so la mo n to dcpc ndc n . por tanto,

de la gran extension de los proccsos gcornorfolog icos en la zo na de rot.u ra , sino t.ambi cn del su m i n istro de sedimenlos.-J)eplIrtmcnt

of Water Sciences, University o] Co nt.obria, So nt an d er, Spain.
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