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The nature and distribution of heavy minerals along beach placers have been studied along the coastal
part of Podampata, Eastern Coast of Odisha, India. The primary objective of this study was to assess the
heavy mineral placers along the NE–SW direction, the nature of the high background radiation area, and
the geomorphic agents controlling the beach sediment distribution. In-situ total radiation counts were
obtained using a Micro R survey meter, and the individual activity of 232U (in lg/g), 234Th (in lg/g),
and 40K (in %) of the collected samples were measured with Gamma surveyor II instrument. The sediment characterization was undertaken using grain size statistical parameters, which shows dominant
inCuence of river and wind actions on the sediments and their high transportation and modiBcation rates.
Nature of radioactive anomalies observed is due to the decays of 232U and 234Th. The meandering nature
and subsequent erosion, primarily at the outer curvature of the river, seems to have primarily contributed
to the heavy mineral deposition. The high wind velocity during the frequent cyclonic events could have a
significant inCuence on distribution and transport of heavy minerals observed. The mixed geomorphic
agents operating in the study area inCuence the distribution of heavy minerals along the NE–SW
direction.
Keywords. Heavy minerals; rare earth elements; radioactivity; granulometric analysis.

1. Introduction
Beach placer deposits around the world are known
for their economically valuable concentration of
heavy minerals. Heavy minerals such as zircon,
monazite, xenotime are very important globally
due to their rare earth element (REE) content
which has various applications. Recently, with the
advent of emerging green technology, high-tech
applications, and defence systems, the use of heavy
minerals is on the rise (Alonso et al. 2012). Black
sands, rich in heavy minerals, are generally enriched in uranium (U) and thorium (Th) because

heavy minerals like zircon and monazite have an
inherent tendency to incorporate radionuclides like
U and Th in their crystal structure (Ghosal et al.
2017). In the coastal depositional environment, the
sediment supply depends on the energy dissipation
pattern, the geology of the area, geomorphology
and oAshore bathymetry (Venkatramanan et al.
2011). The distribution of sediments is determined
by source material transport process and type of
environment in a particular system (Tanner 1962).
Textural parameters such as grain size and sorting
of the sediments provide important information
about the transportation and depositional history
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(Folk and Ward 1957; Friedman 1979; Flemming
2007). Moreover, the grain size distribution of
heavy minerals is widely studied for its environment discrimination potential and to understand
the transport medium of sediments.
The study area is adjacent to the Bay of Bengal
in the east and the Eastern Ghat Mobile Belt in the
west (Bgure 1) which comprises a host of granulitic
supracrustals such as khondalites and charnockites. The heavy minerals found in the beach placer
deposits in the Podampata region on the eastern
coast of India have significant economic significance. The beach placer deposit of southern coastal
Orissa consists of monazite (1.13 mt), ilmenite
(39.01 mt), garnet (29.40 mt), sillimanite (17.91
mt), rutile (1.81 mt) and zircon (1.33 mt), etc.
(Rao et al. 2001). The concentrations of radiogenic
heavy minerals have been reported along the
eastern coast of India (Mohanty et al. 2003). The
high background radiation is observed in the beach
placers due to the activity of radioactive elements
such as 232Th, 238U and 40K, which is mainly present in monazite (Sengupta et al. 2005).
Although previous researchers have assessed the
tonnage of economically important heavy minerals in
the same area, the trend analysis of heavy minerals
and granulometric analysis of the beach sand sediments has not been reported yet. This can possibly
give valuable information for exploration of heavy
minerals from the present study area. In this study,
the activity of radioactive elements (232Th and 238U)
and the grain size statistics in beach sand samples
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have been investigated. Also, a conscious eAort has
been made to establish a feasible relationship
between the textural characteristics of the sediments,
radioactivity counts and the geomorphic agents
associated with the distribution of sediments.

2. Study area and geological background
The study was carried out along the eastern coast
of Odisha, India. This region is known for the
enhanced natural radiation environment, i.e., a
High Background Radiation Area (HBRA) due to
the presence of radiogenic heavy minerals. The
study area extends over a length of 30 km trending
NE–SW with an average width of 1 km restricted
to the berm region. The basement rock of the study
area is EGMB group of rocks which have been
grouped into four zones namely, the western basic
charnockite zone, the western khondalite zone, the
central migmatite and charnockite zone, and the
eastern khondalite zone (Ramakrishnan et al.
1998). The study area is located in the vicinity of
charnockite and migmatite zones (Bgure 1a). The
main drainage system in this region is the Rusikulya River which originates from the highlands of
the Eastern Ghats and culminates in Bay of Bengal. The river meanders and the mouth of the river
turn towards the north forming a spit instead of
directly falling into Bay of Bengal (Bgure 1b). The
river is ephemeral in nature and serves as the major
supplier of the sediments to this region. More

Figure 1. SimpliBed geological map (a) of the Eastern Ghats Mobile Belt (EGMB) (after Ramakrishnan et al. (1998) and Chetty
(1995) and (b) study locations. Here, MSZ: Mahanadi Shear Zone; NSZ: Nagavalli Shear Zone; SSZ: Sileru Shear Zone; VSZ:
Vamsadhara Shear Zone.
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deposition of sediments has taken place in the
study area as the river Cows in the mature stage.
This area is characterized by several well-developed sand dunes which are parallel to the seacoast.
Heavy mineral concentrates in this region are
found as discrete patches of black sand in the beach
composed mainly of quartz sand.
3. Materials and methods
3.1 Sample collection
A total of 25 samples (*1 kg of each sample) were
collected from the study area using the coning and
quartering method for better reliability and precision of the studies undertaken. The sampling
points have been grouped into two, the northern
part and southern part based on their location with
respect to the mouth of river Rusikulya (Bgure 1b).
The southern part of the study area is again subdivided into Zone-1, 2, and 3 respectively
(Bgure 1b). To avoid the eAect of moisture and
disturbances created by tides, the berm region was
chosen for sampling which was well beyond the
high tide zone. The location of each sampling point
(Bgure 1b) was recorded using the GARMIN etrex
20x Global Positioning System (GPS) device.
Fixed spacing of 1 km was maintained between two
sampling points. The sand samples were collected
at a depth of 2–5 cm using a plastic spade to ensure
that the samples are devoid of any secondary
materials like rootlets and other impurities, packed
in polyethylene bags, and labelled with speciBc
identiBcation numbers. The collected samples were
cleaned and dried in the oven at 608C.

3.2.2 Gamma-ray spectrometer analysis
A gamma-ray spectrometer was used to measure
radiation energy and the activity level (associated
with the radioactive element decay series). The
number of scintillations within a speciBc time is
proportional to the gamma ray energy. The
Gamma Surveyor-2 was used to take separate
activity measurements for 40K (%), 232U (lg/g),
and 234Th (lg/g) along with integrated counts in
the laboratory for each collected sample. The
samples were measured between the lead sheets to
minimize the background by attenuating it.
3.3 Granulometric analysis of sediment
The grain size analysis was performed using a
sieving machine with a vibration time of 10 min in
the Soil Mechanics Lab, Department of Civil
Engineering, IIT Kharagpur. This tool is used to
analyse grain size in the range of 20 nm to 2 mm.
Twenty-Bve samples were divided according to the
grain size following the sand-classiBcation
scheme of Udden (1914) and Wentworth (1922).
Following this, these sediments were analyzed for
the grain size categorization using Gradistat v.8.0
software (Blott and Pye 2001). The sediment types
were classiBed based on the physical and texture
descriptions (Folk 1954). To determine the sediment transportation system, statistical analysis
was performed to compute the mean (M), skewness
(Sk), kurtosis (K G ), and standard deviation (r)
(Folk and Ward 1957).
4. Results
4.1 Radioactivity measurement

3.2 Radioactivity measurements
3.2.1 Micro R surveyor analysis

4.1.1 In-situ radioactive count-rates
measurement

Radioactive reconnaissance surveys were carried
out in the Beld using a Micro R survey meter to
measure integrated radioactive counts in lR/hr.
The survey meter was horizontally positioned
above the ground at a Bxed height during sampling
for consistency. A total of three readings were
collected at each sampling location with a Bxed
data acquisition time of 5 min. The histogram plot
was obtained between the average count rate values for the samples, after subtracting the background values, and the sampling points.

The total radioactive counts (in lR/hr) of the 25
sediments are obtained in southern as well as the
northern part of the study area. The total
radioactivity count (in lR/hr) in the southern part
of the study area (Bgure 2) is six times greater than
the northern part of the study area (Bgure 2). The
maximum total radioactive count is 338.3 lR/hr in
the southern part (Bgure 2). The value is 55.5 lR/
hr in the northern part (Bgure 2) of the study area.
Zone-1 has the highest radioactive counts, whereas
Zone-2 intermediate radioactive counts and Zone-3
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Figure 2. Histogram plot showing radioactive measurements obtained using the Micro-R survey meter from the sample locations
of the southern part and the northern part of the study area.

Figure 3. Histogram plot showing radioactive measurements obtained using the Gamma Surveyor 2 from the sample locations of
the southern part and the northern part of the study area.

has the least radioactive counts in the southern
part of the study area (Bgure 2).
4.1.2 Laboratory-based radionuclide activity
measurement
The spatial variation of 234Th (in lg/g) and 232U
(in lg/g) is plotted in the histogram plot (Bgure 3)
which shows that the 234Th (in lg/g) is higher than
232
U (in lg/g) in each sample.
4.2 Granulometric analysis result
Grain size analysis methods were used to calculate
textural parameters like graphic mean, graphic
standard deviation, graphic skewness and graphic
kurtosis using the formulae proposed by Folk and
Ward (1957), and all the statistical analysis data

are shown in Appendices 1 and 2. The mean phi
size of the sediments varies with a maximum of
2.385 U to a minimum of 1.085 U and an average of
1.981 U in the southern part and with a maximum
of 2.866 U to a minimum of 1.847 U and an average
of 2.3006 U in the northern part of the study area
(Bgure 4). The maximum and minimum values of
the standard deviation are 1.012 U and 0.503 U,
respectively, in the southern part and 0.947 U and
0.339 U, respectively, in the northern part
(Bgure 5). The skewness values vary from (–0.641
to 0.541) in the southern part and from –0.751 to
0.714 in the northern part of the study area
(Bgure 7). The maximum and minimum kurtosis
values of the sediments are 1.594 and 0.820,
respectively, in the southern part and 4.044 and
0.501, respectively, in the northern part of the
study area (Bgure 8).
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Figure 4. Distribution of mean values in the southern and northern parts of the river.

Figure 5. Distribution of standard deviations in the southern and northern parts of the river.

Figure 6. Field photograph (a) longitudinal section of the coastal dunes from the Beld area (Scale size – 500 30 ) and (b) vertical
sections of dune show gradation in colour of the minerals on the beach where they were deposited and sorted according to their
density by the wind action.

5. Discussions
5.1 Radioactivity measurements
Nature of radioactive anomalies observed (Bgure 2)
is due to the decay of 232U and 234Th. It is evident

from radioactive anomalies (Bgures 2 and 3) that
radioactivity is much larger in the southern part of
the study area than the northern part which suggests exploration of radiogenic heavy minerals will
be more plausible in the southern part than the
northern part of the study area because the high
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Figure 7. Distribution of skewness in the southern and northern parts of the river.

Figure 8. Distribution of kurtosis in the southern and northern parts of the river.

radioactivity observed in the study area is mainly
due to radiogenic minerals present in the area. The
total radioactivity count of the sediments (in lRh/
hr) in the southern part of the study area has a
decreasing trend along with the NE–SW trends.
i.e., away from the Rushikulya River in the
southern part of the study area (Bgure 2). The
southern part of the study area is further divided
into three zones (Bgures 1b, 2, and 3) to mark the
regions of different degree radiogenic heavy mineral enrichment.
The activity of 234Th (in lg/g) is higher than
232
U (in lg/g) at each sample collected from the
study area, but the ratio 234Th to 232U is greater in
samples from region of higher radioactive anomaly,
i.e., Zone 1 and Zone 2 of the southern part of the
study area, than those from the region of lower
radioactive anomaly, i.e., Zone 3 of the southern
part of the study area and the northern part of the
study area. Under the oxidizing condition, U forms

uranyl ions (UO2+) in which U has a valance of +6.
The uranyl ion forms compounds that are soluble
in water. Therefore, U is a mobile element under
oxidizing conditions and is separated from Th,
which exists only in the tetravalent state and its
compounds are insoluble in water. The Th count is
higher in Zone 1 and eventually decrease in Zones 2
and 3 of the southern part of the study area.
5.2 Granulometric analysis of sediments
5.2.1 Mean
The mean size, indicating the average grain size of
the sediments is inCuenced by the source of supply,
transporting medium, and the energy conditions
associated with erosional agents and depositional
environment (Folk and Ward 1957; Sahu 1964).
The samples are composed of Bne-grained sands as
well as medium-grained sands. The mean size
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indicates that the sediments were deposited in a
moderately low to medium energy environment as
sediments usually become Bner with a decrease in
energy of the transporting medium (Folk 1974;
Eisma 1981). The Bne-grained nature of sediments
shows that they were deposited by river processes
with low Cuvial discharge and weak wave action
conditions (Venkatramanan et al. 2011). The
presence of Bne-grained sediment suggests that the
wind also has a dominant eAect in the study area.
In the southern part of the study area, the Bne sand
size grains are more dominant close to the river,
but as the distance from the river increases the
mean grain size increases to medium sand size
because the inCuence of river diminishes and the
sediments are more inCuenced of wave and tide
action (Mandal et al. 2016; Venkatramanan et al.
2011).
5.2.2 Standard deviation
Standard deviation indicates the difference in
kinetic energy associated with the modes of
deposition (Sahu 1964). It is an important
parameter in sediment analysis because it reCects
the energy conditions of depositional environment (Spencer 1963). The majority of the samples of the southern part, around 80%, are
moderately well sorted while 50% are well sorted
in the northern region (Appendix 1). Moderately
well-sorted sediments are mostly of Cuvial origin,
whereas beach sands tend to be better sorted
than river sands (Friedman 1961; Venkatramanan et al. 2011). This suggests that the river
and aeolian action had a greater impact on the
sorting of sediments in the southern part of the
study area, while in the northern part the sorting
is more inCuenced by wave action. The presence
of only sand-size particles, large-scale dunes
(Bgure 6a) and parallel stratiBcation of light and
dark sand (Bgure 6b) show that the wind also had
a dominant inCuence in the study area.
5.2.3 Skewness
Skewness is the degree of symmetry or asymmetry
of the grain size distribution. The ranges of skewness suggest that the samples are a mixture of
coarse skewed to Bne skewed. A few samples show a
positively skewed distribution, while the others
show negatively skewed distribution, which deBnes
the mixture of Bne sand and coarse sand in the

samples. When sediment is moved by wind or river,
transportation is generally unidirectional and this
explains the positive skewness, whereas the negative skewness indicates the beach environment due
to strong interaction of waves and tidal currents
(Friedman 1961). Negatively skewed sediments
indicate the multi-directional transport and deposition of sediments in an agitated moderate energy
environment (Venkatesan et al. 2017). Negatively
skewed sediments correlated with high energy and
winnowing action of waves and currents (Nageswara Rao et al. 2005).
5.2.4 Kurtosis
Graphic kurtosis indicates the peakedness of
grain size distribution, which is the qualitative
measure of the part of sediments already sorted
elsewhere in a high energy environment and later
transported and modiBed by another type of
environment (Folk and Ward 1957). Of the total
samples analyzed, 40% are very platykurtic,
26.66% very leptokurtic, 13.33% are platykurtic,
13.33% are mesocratic and 6.6% are leptokurtic
in the southern part, while around 60% of samples are very platykurtic, 20% are platykurtic,
10% are mesokurtic and 10% extremely leptokurtic in the northern part of the study area
(Appendix 1). The extremely low value of kurtosis in most of the sediment samples indicate
that sediments were sorted somewhere else in a
high energy environment (Friedman 1967). The
dominance of very platykurtic nature of the
sediments in our study area is possibly because of
continuous addition of both Bner and coarser
materials in varying proportion (Rao et al. 2001).
Thus, the beach sand present in the study area
might have been sediments brought by the river
which were again transported and modiBed by
aeolian and wave action.
5.2.5 Linear discriminate function (LDF)
Sahu (1964) did multi-discriminatory analysis to
discriminate between the different mechanisms and
environments of deposition using a suitable statistic. The discrimination functions (Appendices 3
and 4, table 1) were used to interpret the sediment
deposition environment after Sahu (1964) and
Rajganapathi et al. (2012).
Variations in the energy and Cuidity factors
seem to have good correlation with the different
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Table 1. Showing multi-discriminatory analysis to discriminate between the different environments of deposition.
Equation

Southern part of study area
2

Y 1 ðA : B Þ ¼ 3:5688M þ 3:7016r  2:0766Sk þ 3:1135K G
Y1[2.7411 (Beach)
Y1\–2.7411 (Aeolian)
Y 2 ðB : SM Þ ¼ 15:6534M þ 65:7091r2 þ 18:1071Sk þ 18:5043K G
Y2\63.3650 (Beach)
Y2[63.3650 (Shallow marine)
Y 3 ðSM : F Þ ¼ 0:2852M  8:7604r2  4:8932Sk þ 0:0482K G
Y3[–7.4190 (Shallow marine)
Y3\–7.4190 (Fluvial)

Northern part of study area

53%-Aeolian environment
47%-beach environment

80%-Aeolian environment
20%-beach environment

73%-shallow marine
deposition
27%-beach deposition
66%-shallow marine
deposition
34%-Cuvial deposition

100%-shallow marine
deposition
100%-shallow marine
deposition

Here, A: aeolian; B: beach; SM: shallow marine; F: Cuvial; M: mean size; r : standard deviation; Sk: skewness; K G : kurtosis.

processes and the environment of deposition (Sahu
1964). These discriminatory analyses suggest the
Cuvial and aeolian environment has some impacts
on the redistribution of sediments along with
shallow marine environment.

5.3 Distribution of radiogenic heavy minerals
due to different geomorphic agents
The main source for the radiogenic heavy mineral
in the study area is the Rusikulya River. So the
nature of the river plays a significant role in the
distribution of radiogenic heavy mineral. Since
both light and heavy minerals are present in the
sediment carried by the river, there exist selective
transport processes for both the types: low density
sediment is transported towards the inner part of
meander (zone of accumulation) and high density
sediment is concentrated in the outer part of
meander (zone of erosion) as a result of selective
hydrodynamic processes (Kermani et al. 2015). The
outer curvature of a meander is more prone to
erosion leading to more heavy mineral accumulation in the outer zone which is freely transported
by the aeolian action and redeposited along the
coast. Southwest monsoon (pre-monsoon) winds
generate high waves which strike the shore obliquely inducing a littoral drift of sands from the
southwest to the northeast along this coast which
annually moves 1.5 million cubic meters of sand in
the nearshore regime (Ramesh et al. 2011). The
northern part of the study area is continuously
receiving continental sediments from the river. The
heavy mineral enrichment on the southern side is
possibly due to the winnowing away of light minerals by wind and wave action leading to residual
enrichment of heavy minerals in this area. Further,

the wave crossing over the berm will also lead to
washing away more of lighter minerals towards the
backshore, therefore, further augmenting the heavy
mineral enrichment. The number of pre- and postmonsoon cyclones is highest in Odisha, compared
with any other state along the east coast of India
(Sahoo and Bhaskaran 2016). In the post-monsoon
period, the maximum wind speed is around
Gopalpur (Sahoo and Bhaskaran 2016) which is
nearly 15 km from the study area. In the postmonsoon, the direction of wind movement is from
the NE to SW direction along the eastern coast of
India (Gadgil 2003). The sediments added to the
creek are reworked by wind.

6. Conclusion
Based on the radiometric studies, it was observed
that the radioactive heavy minerals in the beach
sand of the present study area mainly consists of
higher concentration of thorium proximal to the
Rushikulya river, instead of the naturally more
abundant uranium in other regions inland, in the
Indian subcontinent. Zone 1 and Zone 2 of the
southern part of the study area are more plausible
region for heavy mineral extraction. The higher
occurrence of radiogenic heavy minerals in the
southern part primarily depends upon the meandering nature of the river and redirection of the
river mouth towards the north. The higher heavy
mineral accumulation in the southern part of the
study area is due to residual enrichment of heavy
minerals by winnowing away light minerals by
wind and wave action. The mouth of the river
curves towards north, leading to excess accumulation of lighter minerals in the northern part of the
study area.
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

1.899
2.092
2.348
2.385
2.367
2.065
2.378
2.383
1.629
1.991
1.96
1.477
2.121
1.548
1.085

0.931
0.652
0.635
0.553
0.538
0.503
0.527
0.525
1.012
0.621
0.615
0.594
0.519
0.567
0.991

0.144
0.23
0.517
0.371
0.407
0.541
0.427
0.445
0.206
0.262
0.248
0.641
0.448
0.308
0.433
1.099
0.904
0.839
0.644
0.604
0.644
0.596
0.597
1.282
2.428
2.4
2.499
0.591
2.597
0.696

Medium sand
Fine sand
Fine sand
Fine sand
Fine sand
Fine sand
Fine sand
Fine sand
Medium sand
Medium sand
Medium sand
Medium sand
Fine sand
Medium sand
Medium sand

Moderately sorted
Moderately well sorted
Moderately well sorted
Moderately well sorted
Moderately well sorted
Moderately well sorted
Moderately well sorted
Moderately well sorted
Poorly sorted
Moderately well sorted
Moderately well sorted
Moderately well sorted
Moderately well sorted
Moderately well sorted
Moderately sorted

Mean

2.48
2.218
2.866
2.208
2.175
2.545
2.233
2.215
1.847
2.219

Sample
number

PMN1
PMN2
PMN3
PMN4
PMN5
PMN6
PMN7
PMN8
PMN9
PMN10

0.621
0.464
0.339
0.461
0.587
0.556
0.468
0.46
0.947
0.468

Sorting

Kurtosis
0.852
0.504
4.044
0.514
0.904
0.752
0.501
0.508
0.667
0.508

Skewness
0.751
0.688
0.074
0.722
0.383
0.434
0.652
0.714
0.142
0.696

Folk and Ward method (u)

Fine sand
Fine sand
Fine sand
Fine sand
Fine sand
Fine sand
Fine sand
Fine sand
Medium sand
Fine sand

Mean

Moderately well sorted
Well sorted
Very well sorted
Well sorted
Moderately well sorted
Moderately well sorted
Well sorted
Well sorted
Moderately sorted
Well sorted

Sorting

Very coarse skewed
Very Bne skewed
Symmetrical
Very Bne skewed
Very Bne skewed
Very coarse skewed
Very Fine skewed
Very Bne skewed
Coarse skewed
Very Bne skewed

Skewness

Folk and Ward method (description)

Coarse skewed
Fine skewed
Very coarse skewed
Very coarse skewed
Very coarse skewed
Very Bne skewed
Very coarse skewed
Very coarse skewed
Coarse skewed
Fine skewed
Fine skewed
Very coarse skewed
Very Bne skewed
Very coarse skewed
Very coarse skewed

Platykurtic
Very platykurtic
Extremely leptokurtic
Very platykurtic
Mesokurtic
Platykurtic
Very platykurtic
Very platykurtic
Very platykurtic
Very platykurtic

Kurtosis

Mesokurtic
Mesokurtic
Platykurtic
Very platykurtic
Very platykurtic
Very platykurtic
Very platykurtic
Very platykurtic
Leptokurtic
Very leptokurtic
Very leptokurtic
Very leptokurtic
Very platykurtic
Very leptokurtic
Platykurtic

Kurtosis
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PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
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Appendix 1. Summary of Grain size distribution statistical measures of samples of southern part of study mentioned in the paper.
Folk and Ward method (u)
Folk and Ward method (description)
Sample
number
Mean
Sorting
Skewness
Kurtosis
Mean
Sorting
Skewness

Appendices
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1.899
2.092
2.348
2.385
2.367
2.065
2.378
2.383
1.629
1.991
1.96
1.477
2.121
1.548
1.085

PM1
PM2
PM3
PM4
PM5
PM6
PM7
PM8
PM9
PM10
PM11
PM12
PM13
PM14
PM15

0.931
0.652
0.635
0.553
0.538
0.503
0.527
0.525
1.012
0.621
0.615
0.594
0.519
0.567
0.991

Standard
deviation
Kurtosis
1.099
0.904
0.839
0.644
0.604
0.644
0.596
0.597
1.282
2.428
2.4
2.499
0.591
2.597
0.696

Skewness
0.144
0.23
0.517
0.371
0.407
0.541
0.427
0.445
0.206
0.262
0.248
0.641
0.448
0.308
0.433
0.1520182
3.555379
3.201136
4.604093
4.650213
5.55138
4.716211
4.70135
2.3966828
1.3375167
1.3625929
5.1466772
5.662596
4.3908736
2.8292868

Y1
Beach
Aeolian
Aeolian
Aeolian
Aeolian
Aeolian
Aeolian
Aeolian
Beach
Beach
Beach
Beach
Aeolian
Beach
Beach

Remarks Y1
104.4087
81.572634
69.413472
62.626828
59.87771
70.661975
58.769939
58.40253
112.78742
106.17854
104.43437
80.940202
69.948352
87.834896
86.554216

Y2
Shallow
Shallow
Shallow
Beach
Beach
Shallow
Beach
Beach
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
marine
marine
marine
marine
marine
marine
marine

marine

marine
marine
marine

Remarks Y2

Mean

2.48
2.218
2.866
2.208
2.175
2.545
2.233
2.215
1.847
2.219

Sample
number

PMN1
PMN2
PMN3
PMN4
PMN5
PMN6
PMN7
PMN8
PMN9
PMN10

0.62
0.46
0.34
0.46
0.59
0.56
0.47
0.46
0.95
0.47

Standard
deviation
Kurtosis
0.852
0.504
4.044
0.514
0.904
0.752
0.501
0.508
0.667
0.508

Skewness
0.751
0.688
0.074
0.722
0.383
0.434
0.652
0.714
0.142
0.696

3.210907
6.978156
2.9418732
6.992209
4.467417
4.695702
6.952471
7.022668
0.900364
6.972084

Y1
Aeolian
Aeolian
Beach
Aeolian
Aeolian
Aeolian
Aeolian
Aeolian
Beach
Aeolian

Remarks Y1

66.327787
70.65
125.90546
71.111807
80.35037
66.207704
70.422396
70.90498
97.611502
71.129491

Y2

Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow

marine
marine
marine
marine
marine
marine
marine
marine
marine
marine

Remarks Y2

Appendix 4. Linear Discriminant Function (LDF) after Sahu (1964) of the samples collected from the northern part of study area.

Mean

Sample
number

Appendix 3. Linear Discriminant Function (LDF) after Sahu (1964) of the samples collected from the southern part of study area.

1.044786
4.595734
0.367646
4.740162
4.228775
0.177574
4.448104
4.691241
6.602657
4.667060

Y3

6.293986
4.209306
0.292538
0.152389
0.1600684
4.243702
0.3633121
0.4712958
7.437529
3.975525
3.852244
0.5872489
3.918468
0.742602
6.141678

Y3

marine
marine
marine

marine
marine

marine

marine
marine
marine
marine

Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow

marine
marine
marine
marine
marine
marine
marine
marine
marine
marine

Remarks Y3

Shallow
Shallow
Shallow
Shallow
Fluvial
Shallow
Fluvial
Fluvial
Fluvial
Shallow
Shallow
Fluvial
Shallow
Shallow
Shallow

Remarks Y3
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