
Journal of Coastal Research Fort Lauderdale, Florida Winter 1992

Laminae and Grain-Size Measures in Beach Sediments, East Coast
Beaches, India

o.s. Chauhan

National Institute of Oceanography

Dona Paula, Goa 403 004, India

.ttlllllll:.
f.!I3Ile •••
, ~ --.... ~.

; !2_
..... ?F'

ABSTRACT _

CHAUHAN, O.S., 1992. Laminae and grain-size measures in beach sediments, east coast beaches, India.
Journal of Coastal Research, 8(1), 172-182. Fort Lauderdale (Florida). ISSN 0749-0208.
The studies of size parameters in 1.8 mm slices in 36 4-cm long cores from different physiographic units
o~ 4 .beaches along the. east coast of India, having beach states from "reflective" to "dissipative", suggest
81gn~fic8nt variations 10 these parameters. Individual layers have wider ranges of mean sizes, variable
sortmg, skewness and kurtosis values. These variations are pronounced and are observed in fine grained
dark lami?ae as well as interlaminae space. These results suggest variations in micro-layer structure of
beach sediments at berm/backshore. foreshore and offshore regions.

The sediments from the 0.5, 1.0, 1.5, and 2.0-cm layers as well as from the full core show effects of
m.ixi~g of the .individual micro-layers. The degree of correlation, relative to the 1.8 mm layer, decreases
WIth Increase In the depth of sampling. Amongst all the measures, statistical correlation was found to be
poorest for sorting index and skewness measures.

INDEX WORDS: Beach laminae, beach sand, size parameters, depth of sampling, statistical correla
tion.

INTRODUCTION

The nature of a beach, to a large extent, de
pends upon the interaction between prevailing
hydraulic conditions and sediments in the littoral
zone. The zone of interaction begins at the wave
base and extends shoreward across the nearshore
surf zone to the upper limit of swash action. The
level of wave energy (which controls the depth of
the wave base and limit of swash action) and sed
iment size (which influences the sediment trans
port and beach gradient) are two prime factors
that determine the extent and nature of sediment
dynamics in the littoral zone. Research covering
different aspects of morphodynamic processes in
the littoral zone has produced a large body of
literature that documents the significance of size
frequency distribution (SFD) in deciphering the
imprints of morphodynamic processes in this zone
(BASCOM, 1964; FOLK and WARD, 1957; PASSEGA,

1964; VISHER, 1969; FRIEDMAN, 1979; SAHU, 1984;
CHAUHAN et al., 1988; CHAUHAN, 1990), Most of
these studies are based on variations in lognor
mality of SFD which are then interpreted in terms
of genetic processes, In common practice, a few
em of the upper surfaces of a beach are collected
and the size distribution is derived from a sample
amounting to about 50 g or more for sieving and
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20 g or more for pipette analyses. In most in
stances standard procedures of progressive split
ting by coning and quartering methods are used
to obtain this desired amount. The behaviour of
the size frequency distribution arising from such
samples are then analysed using different meth
ods, e.g., moment, phi, graphic, multivariate anal
ysis, and variations in the different size parame
ters or eigen-vectors or subdivision of cumulative
frequency curve on a probability paper are then
used to interprete the genetic processes and en
vironments of deposition (FOLK and WARD, 1957;
VISHER, 1969;FRIEDMAN, 1979;SAHU, 1984;MURTY

et al., 1986).
Grain size studies are also applied to under

stand organism-sediment relationships in the soft
substrate ecology of beach and near-shore envi
ronments, The studies of JANSON (1971), JOHNSON

(1971), MEADOW and CAMPBELL (1972), FENCHEL

et al. (1975), HENNING et al. (1982) and FLEMING

and FRICKE (1983) have addressed their work to
establish a correlation between an individual or
ganism, or even whole faunal assemblages and the
physical nature of the substrata, A major con
straint in quantitative soft substrate ecology is
the requirement of representative sample size
(ELLIOT, 1972) and this normally varies from sev
eral 1,000 em" to less than 100 em" for macro
fauna and micro-fauna studies.
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Table 1. Characteristics and prevalent wave climate of the beaches of study area (modified from Chauhan et al., 1988; Chauhan,
1990).

Location

Konarak

Puri

Machilli
pattanam

Cuddalore

Prevalent Wave Parameters

Fair

Characteristics Beach
Season Transitional Rough Season

Tidal
of the Beach State H T Oir H T Dir H T Oir Range

Open, re- Longshore 5-6 0-60 1-3 5-8 va. (30-300) 2-4 8-12 180-210 0.4-2.99
ceives sed- trough (30 for (210 for
iments and bar >80%) >80%)
through (e = 23.3)
fluvial
sources

Open, re- Reflective 5-6 0-60 1-3 5-8 va. (30-300) 2-4 8-12 180-210 0.4-2.99
ceives sed- (e ~ 14) (30 for (210 for
imenta >80"0 ) >80%)
through
fluvial
source in
fair season
only

Open, tre- Dissipa- 1-2 6 30-60 1-4 5-10 va. (30-210) 2.5··4.5 7-12 180-270 0.17-1.97
mendous tive (240 for
sediment (e ~ 30) >70%)
input
through
fluvial
sources

Open, no flu- Highly re- 1-2 6 60-90 1-4 5-8 va, (60-210) 2.5-4.0 8-12 180-270 0.12-1.35
vial source flective (60 for (210 for

(, ~ 10) >60%) >60%)

H = wave height (H.,J in m
T = wave period (T.,J in sec
Dir = dir of wave approach
va. means variable
Tidal range in m

The beach system, as mentioned earlier, is high
lydynamic and constantly responds to short and
longterm fluctuations in energy level. Based on
surf scaling parameters ~ = aw2/g tan''B, where
a = wave amplitude near the break point, w = 2
'lfff, T = wave period, g is acceleration due to
gravity and B is the beach slope (SHORT 1979a,b)
and the criterion of WRIGHT and SHORT (1984),
beaches are classifed as reflective or dissipative
(with four more intermediate stages). The terms
are largely synonymous with winter and summer
profiles (BASCOM, 1964; KOMAR, 1976). Each mor
phodynamic stage in these classifications is char
acterised by internal sedimentary structures,
summaries of which are given in FLEMING and
FRICKE (1983:Figure 3a-c). This conjecture, to
getherwiththe studies of SANDERS (1965), CLIFTON
(1969), HUNTER et al. (1979), EMERY (1978) and
GRACE et al. (1978) suggest vertical variations in

size-frequency distribution in the beach sedi
ments. Determination of SFD in the sediments of
the microstructure (laminae and interlaminae
space) in beach sediments (EMERY, 1978; GRACE
et al., 1978; FLEMING and FRICKE, 1983) has es
tablished that the SFD or size measures observed
in individual laminae or in interlaminae space,
have wide variations. These studies have dem
onstrated that differences in mean size and sort
ing occur not only between different laminae, but
size grading occurs even within an individual lam
ina. These studies are significant as they dem
onstrate that grading in the size measures in the
laminae or intra-laminae appears to be the rule
rather than the exception. Hence, SFD obtained
in the homogenised few em surfaces of a beach
may not yield an accurate picture of the prevailing
morphodynamic state of a beach, particularly when
grain size is considered an important parameter

Journal of Coastal Research, Vol. 8, No.1, 1992
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Table 3. Comparison of the results of size parameters in the
reconstituted and undivided cores of the beaches of the study
area.
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Table 2. Details of the position of cores from the beaches uf
the study area.

Length
(em)

Core Location of of the
Number Locality the Core Core

1 Konarak Backshore 4
2 Konarak Upper foreshore 3
3 Konarak Middle foreshore 3
4 Konarak Offshore 4
5 Konarak Backshore 4
6 Konarak Upper foreshore 3.2
7 Konarak Middle foreshore 3.5
8 Konarak Lower foreshore 3.5
9 Konarak Offshore bar 2.9

10 Puri Backshore 3.9
11 Puri Upper foreshore 3.2
12 Puri Middle foreshore 3
13 Puri Lower foreshore 3
14 Puri Middle foreshore 3.4
15 Puri Upper foreshore 3.8
16 Pur! Upper foreshore 3.4
17 Puri Middle foreshore 2.8
18 Puri Offshore 3.2
19 Machillipattanam Backshore 3.2
20 Machillipattanam Upper foreshore 3.6
21 Machillipattanam Middle foreshore 2.8
22 Machillipattanam Lower foreshore 3.4
23 Machillipattanam Upper foreshore 3.4
24 Machillipattanam Upper foreshore 2.8
25 Machillipattanam Middle foreshore 3.4
26 Machillipattanam Lower foreshore 2.8
27 Machillipattanam Offshore 4
29 Cuddalore Backshore 3
30 Cuddalore Upper foreshore 3.6
31 Cuddalore Middle foreshore 2.8
32 Cuddalore Upper foreshore 2.8
33 Cuddalore Upper foreshore 24
34 Cuddalore Middle foreshore 3.6
35 Cuddalore Lower foreshore 2.8
36 Cuddalore Offshore 3.2

75'

that determines the morphodynamic state of a
beach according to the criteria of WRIGHT and
SHORT (1984) by the relations r = Hh/TW" where
H, is breaker height, T is period of the wave and
W, is sediments fall velocity. The studies address
ing themselves to the genetic processes of sedi
ment dynamics or to the beach or nearshore hab
itat involving SFD as a prerequisite, require a
suitable modification in the methodology of beach
sediment sampling because if the basic method
ology is not accurate, no amount of specialized
and sophisticated treatment of this data can sat
isfactorily nullify the errors of poor sampling.
However, difficulties in collection of an individual
lamina in the field and analysis of these sediments
(varying from a few grains to a few grams) by

Figure L Location of the beaches studied.

conventional methods to obtain precise SFD has
led most sedimentologists to ignore the problem
and to adhere to the usual practice of beach sam
pling, i.e., collection of a few em in homogenised
surfaces of a beach.

In further continuation of the work of EMERY

(1978), GRACE et al. (1978) and FLEMING and
FRICKE (1983), the present study evaluates vari
ations in grain size measures in laminae and inter
laminae in the sediments collected from the dif
ferent physiographic units of beaches having "re
flective" to "dissipative" states (SHORT, 1984;

,Journal of Coastal Research, Vol. 8, No.1, 1992
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Figure 2. Observed variations in mean size, sorting index, skewness and kurtosis measures (in phi units) in layer 1 in core numbers
1-9. The parameters in layers 2-6 are also depicted by different symbols. The shaded portion in the left corner of the sets indicates
the existence and characteristics of dark colour laminae in the cores. Location of the core on the physiographic units of the beaches
are also known in each unit.

WRIGHT and SHORT 1984). The results are derived
from the variations in size measures in 1.8 mm
thick slices in small cores ("" 4 em), collected from
four beaches (Puri, Konarak, Machillipattanam
and Cuddalore), all located on the east coast of
India and representing different beach states (Ta
ble 1). The size measures in homogenised 0.5, 1.0,
1.5,and 2.0 em portions and in full core are also
obtained and these results are correlated with the
parameters obtained in the top most 1.8 mm slice
and the effect of mixing of laminae and interlam
inaeportions in a core has been evaluated. These
resultshave further been used to arrive at a mean
ingful compromise between an ideal and a viable
rapid method for beach sampling.

METHODOLOGY

A specially designed piston-controlled teflon
screw-in corer (length 30 em, dia. 8 em) was used
to retrieve sediments. The corer is so designed

that the piston is controlled precisely through the
movement of a piston rod, screwed through the
threaded portion at the close end of the core bar
rel, provides a 1.8 mm-thick slice (weight about
8 g). The corer was gently pushed about 4 em in
the sediments and gently retrieved to avoid any
disturbance. The beaches chosen for this study
are open, exposed to the Bay of Bengal, over 7
km long and represent wide varieties of wave cli
mate and beach states (Table 1). The cores were
collected from 5 beach transects one km apart,
extending from backshore/berm to the offshore
region. The details of location of the cores on a
beach profile are presented in Table 2. As laminae
are expected to be mostly confined to the fore
shore region (EMERY, 1978), most of the cores were
collected from this region.

Individual slices were separated in the field.
The sampling was repeated at each station to ob
tain sediments of the top 0.5, 1.0, 1.5 and 2 em

Journal of Coastal Research, Vol. 8, No. I, 1992
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Figure 3. Same as Figure 2, but for cores 10-18.

portions and of the full core. For the sake of con
venience the top 1.8 mm of the core has been
designated as layer 1, top 0.5 em as layer 2, 1.0
cm as layer 3, 1.5 em as layer 4, 2 em as layer 5
and the composite core as layer 6. To estimate
the possible effects of mixing of slices or sampling
error, sampling was repeated at 8 locations and
samples of layers 1-6 were obtained by mixing
and homogenising all the slices in the desired por
tion. The size measures in undivided and recon
stituted cores were obtained and statistically
compared. The values of different size measures
in the unconstituted and reconstituted core were
found to be significantly correlatable (Table 3).

The collected sediments were washed salt free
and oven dried at 70°C. Because of the small
amount of the sediments, and to obtain size fre
quency distributions comparable with other prev
alent methods (e.g., pipette or sieve analysis or
deployment of a sedimentation balance) analyses
were carried out on a Coulter Analyser. The re
sults of BEHRENS (1978) have demonstrated that

the size distribution obtained on the Coulter An
alyser are highly correlated with distribution from
the conventional method, i.e., pipette analysis (r
= 0.99, 0.92, 0.98, and 0.98 for mean size, standard
deviation, skewness and kurtosis, respectively, for
the results obtained on these measures). As the
reported correlation between moment and graph
ic measures is very high (SEVON, 1968; HASHIMI,
1981; CHAUHAN and CHAUBEY, 1989), the graphic
measures have been computed on a Norsk Data
570 computer, based on the formulae of FOLK and
WARD (1957). In all, over 1,000 analyses werecom
puted.

The results in individual slices of 1.8 mm and
in layers 2-6 were computed and presented. The
results obtained in the layer 1, reflecting the sed
imentological parameters under the then preva
lent hydraulic conditions, have been correlated
with the results in layers 2-6. Correlation coeffi
cient (r), probability (p) of r being accidental for
every correlation, equations of regression for X
and Y variables and mean of X and Y variables

Journal of Coastal Research, Vol. 8, No.1, 1992
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Figure 4. Same as Figure 2, but for cores 10-27.

for each pair were obtained on the ND 570 com
puter based on the formulae of KENNY and KEEP

ING (1964) and GRIFFITHS (1967).

RESULTS

The observed variations in various size mea
sures in layers 1-6 in all 36 cores are presented
in Figures 2-5. Details of coefficients of correla
tion, regression equations and lines of regression
obtainedfor different measures are shown in Fig
ures6-9. The details of variations in each measure
areas follows.

Mean Size

Remarkable variations exist in the values of
mean size of the 1.8 mm slices. The degree of
variation is very pronounced in dark fine grained
as well as interlaminae space of all the cores col
lected from the foreshore region. No apparent
trend in the mean size values has been observed
in the beaches with different beach states. The
sediments of the offshore region, however, show

coarsening trends downward (Figures 3-5, cores
18, 27, 36).

The degree of linear correlation in the values
of mean size in different layers, in general, is good.
Among different pairs, however, this correlation
deteriorates with an increase in the depth of sam
pling and is the poorest for layer 1 versus 6 (Figure
6).

Sorting Index

The value of sorting index in all the slices of
layer 1 show marked variations in almost all the
cores. The dark fine grained laminae present at
the beach surfaces at Machillipattanam and Cud
dalore (Figures 4 and 5, cores 20, 23, 24, 31-34)
in the foreshore have significant variations. The
value of sorting index in an individual slice often
is much more than in the layers 2-6 (Figures 2
5).

The degree of linear correlation among differ
ent layers is moderate and becomes poorer with

Journal of Coastal Research, VoL 8, No.1, 1992
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Figure 6. Coefficients of correlation (r), probability of correlation being accidental (p), regression equations and lines and X versus
Y plots for mean size for layer 1 versus 2 (A), for layer 1 versus 3 (B), for layer 1 versus 4 (C), for layer 1 versus 5 (D) and for layer
1 versus 6 (E).
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Figure7. Same as Figure 6, but shows standard deviation.

increasing depth of sampling (r = 0.24 for layer
1 versus 5, Figure 7).

Skewness

Pronounced variations have been observed in
the values of skewness in layer 1 slices. Individual
sliceshave much wider range of skewness values
compared to layers 2-6. The variations are ob
servedin almost all the cores irrespective of their
location along every beach. Presence of dark fine
grained laminae, as observed in almost all the
coresfrom the foreshore, at different depths, have
maximum variations. These variations are ob
servedwithin fine grained laminae as well as in
terlaminae space.

The coefficient of correlation obtained for dif
ferent layers for skewness measures (Figure 8)
ranges from fair (r = 0.82 for layers 1 and 2) to
poor (r = 0.48 for layers 1 and 6). The values of
X and Y variables computed from the equations
of regression show wide deviations. These devi
ations are maximum for layers 1 versus 6.

Kurtosis

Kurtosis measures also have fluctuations in the
values in layer 1 slices implying that the individ
ualsliceshave much wider ranges of kurtosis than
the composite cores. Among the cores from the
differentphysiographic units of the beaches, the
sediments of offshore and backshore areas have
the least variation. The variations in the values

of kurtosis measures within individual lamina and
interlamina spaces (Figures 2-5, cores 3, 6, 11, 12,
15,21-24 and 30-34) have a very wide range, vary
ing from platykurtic to leptokurtic.

The degree of correlation among different lay
ers for kurtosis measure is generally good (Figure
9). The lines of regression among different layers
show a similarity. The degree of correlation among
different layers decreases with mixing of micro
layers, yet it is much better than in standard de
viation and skewness.

DISCUSSION

The variations in the values of various size mea
sures with depth clearly implies that the beach
sediments are composed of micro-layers. The
variation in the values of mean size in the indi
vidual layers of layer 1 in time and space at the
beaches having variable beach states further con
firm the existence and fine layers at irregular in
tervals. These variations in the laminae and inter
laminae space lead to the inference that visible
expression of laminae on a vertical surface rep
resenting differences in grain size is complex, and
identification of individual laminae on a vertical
surface is not a true demarcation of a single sed
imentation unit. Thus, the boundary between
laminae seems to have very little expression in
terms of mean grain size.

The contrast in the values of sorting index,
skewness and kurtosis further amplifies the mi-

Journal of Coastal Research, Vol. 8, No.1, 1992
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Figure 8. Same as Figure 6, but shows skewness measures.

cro-layer structure of beach sediments, which some
times is not well reflected in mean size. The marked
variations in all of these parameters in all the
cores, particularly from the backshore and off
shore region further support the postulation of
GRACE et at. (1978) that each microlayer may not
have a phi normal distribution, and sedimentary
structures and size frequency distributions are
more closely linked than generally considered.
These observations lead one to reconsider and re
evaluate the influence of mixing of these micro
layers in normal sediment sampling methods. The
results of the present work, which are limited in
the sense that they compare and correlate the
various size measures of the topmost layer with
different fractions of the core, clearly show the
influence of homogenising of these micro-layers.
Apparent reduction in the degree of linear cor
relation among layer 1 versus 2-6 for different
measures (Figures 6-9) clearly reflects the effects
of mixing of micro-layers having variable mean
size. To arrive at a viable rapid method for the
mean size study, based on the statistical corre
lation among different layers (r is good down to
layer 1 versus 4 only), the depth of sampling should
be restricted to 1.5 cm.

Larger variations in the values of sorting index
in the individual layers of layer 1 than in the
homogenized layers 2-6, account for the reduced
correlation with increase in the depth of sampling,
and variations in the regression lines for different

pairs. The relative reduction in the degree of lin
ear correlation between layers 1-5 and between
1-6 clearly reflects this point. The lines of re
gression of X and Y and vice-versa, and values of
sorting index obtained using regression equations
in layers 1 and 4, 1 versus 5 and 1 versus 6 further
highlights these inferences.

The influence of combining the micro layers is
found to be very pronounced for skewness mea
sure and is reflected by the poor correlation be
tween layer 1 versus 6 (r = 0.48, Figure 8). The
larger variations in the values of this measure in
the individual slice (positive for fine grained and
negative for coarse grained) explain this point.

The mixing of different micro-layers was found
to have fewer effects on the kurtosis measure. The
degree of correlation, like other measures, de
creases with the depth of sampling. However, the
degree of this correlation remains good down to
1.5 cm depth.

CONCLUSIONS

The results of the present study demarcated
the existence of vertical variations in the different
size parameters within all the cores. These vari
ations are very pronounced for sorting index and
skewness measures and provide further evidences
for the micro-layer structure of beach sediments
and the need for the review of the existing meth
odology for the beach sampling,

For mean grain size, the correlation among dif-

Journal of Coastal Research, Vol. 8, No.1, 1992
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Figure9. Same as Figure 6. but shows kurtosis measure.

ferent layers is generally good up to layer 4 (1.5
em), and hence, studies concerned with the de
termination of mean grain size should sample the
top 1.5 em of the beach surface.

The values of standard deviation were found to
havemaximum variations with depth due to lam
inae mixing. The value of the coefficients of cor
relation (r) for different layers decreases with in
creasing depth of sampling. Better correlation
between layer 1 versus 2 implies that the depth
ofsamplingshould be restricted to 0.5 em for the
study concerning sediment sorting.

For skewness, the degree of correlation among
layer 1 versus 2-6 depicts the influence of com
bining the layers having variable skewness values.
Moderate correlation exists only up to 1 em depth.

Thekurtosis values in different layers have good
to fairlygood correlation. The correlation among
the values of kurtosis in different layers remains
good up to layer 4 (1.5 em).

Theforegoing results lead to the conclusion that
for determination of sedimentological parameters
inthe micro-layered beach sediments, special at
tention needs to be paid to the methodology and
the plan of the beach sediment sampling. In the
absence of a specialized sampling device, a sam
pling depth down to 1.5 em for mean size and
kurtosis, and 1 em for sorting index and skewness
should be adequate.
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