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Beach, and Maruni Beach has a different color of the grain according to the source
rocks and the sedimentation process. To characterize the magnetic properties of
the three coastal sand deposits, several experimentations were done through
measurements of the density, magnetic degree, magnetic susceptibility, and also
SEM (Scanning Electron Microscopy) and EDS (Energy Dispersive X-Ray
Spectroscopy) tests. The coastal sand deposition has a density ranging from 2.50-
5.00 grcm=3 with the magnetic degree between 0.28-36.29 % and its magnetic
susceptibility ranged 80.9x108 - 7447.7x10-8 m3-kg-1. The coastal sand from Arfai
Beach has a magnetic susceptibility between the coastal sand from Wosi and
Maruni Beach with the highest value reaching 5135.4 x 10-8 m3-kg-1. This is also
supported by SEM and EDS data. The percentage of iron element mass (Fe) of the
identified magnetic grain distribution in Wosi Beach sand is 6.71-33.90%, Arfai
Beach sand is 11.35 - 38.45% and Maruni beach sand is 15.84-44.41%. ©2018
JNSMR UIN Walisongo. All rights reserved.
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1. Introduction

Iron sand is sand deposits containing
iron particles (magnetic), located along the
coastal area [1]. Iron sand deposits are
usually derived from volcanic rocks are
andesitic and basaltic that undergoes
physical and chemical changes in the form of
weathering (temperature, pressure, and
chemical reaction), eroded and transported
to the coast through the river flow. Along the
coast, the waves and currents of the sea will
wash and separate the minerals contained in
the iron sand based on the difference in
density. Minerals that have a lighter density
will be brought back by the sea currents into
the ocean while the minerals that have the
larger amount of density will be deposited
along the coast. Deposition of iron sand is
generally easier to occur on sloping coastal
area compared to steep one.

Iron sand in Indonesia is scattered along
the Indian Ocean, from the west of Sumatra
Island to Bali Island, Lombok and the
surrounding areas [2]. In addition, the iron
sand deposits can also be found in Sulawesi
I[sland, Maluku Islands, and Papua Island.
This cannot be separated from the position
of the Indonesian Archipelago passed by the
Volcanic Belt Line [3] also Indonesia is the
region that has the largest amount of
volcanoes in the world and they are still
active [4]. Iron sand sedimentary is
generally gray to shiny black and is
unattached because it is not compacted.
Nevertheless, it has been mixed with
sediment and/or other minerals from rivers
and beaches causing the combination of
color with white, green, or brown. Iron sand
is also very fine-grained, which ranges from
75-150 microns, has a density of 2-5 g-cm3
and magnetic degree (MD) from 6.40-27.16
% [5].

Iron sand will have a high economic
value if managed properly because it
contains major magnetic minerals such as
magnetite (Fes04), hematite (a-Fes04),
titanomagnetite or ilmenite (FeTiO3) and
maghemite (y-Fe304). In addition to the
major magnetic minerals, there are usually

additional minerals such as silica, quartz,
calcite, plagioclase, orthoclasts, and rutile
(TiO2). Iron sand containing iron oxide is
utilized in the industrial world because it can
produce steel [6], dye [7][8], catalyst [9],
magnetic recording media [10], ferrite
magnets [11] and manufacture of inductor
cores [12]. The titanium found in iron sand
can also be used commercially as a sponge in
the manufacture of military aircraft or even
as dental implants in medicine. Another
important element of metal contained in the
iron sand is vanadium (V:0s) which is used
as metal detectors on the use of X-rays,
material structures and alloy elements in
readings. The inventory and exploration
activities of iron sands in Indonesia by the
Geological Resource Center, Geological
Agency has been conducted since 1971
spread over the islands of Sumatra, Java,
Nusa Tenggara, Sulawesi and the Islands of
Maluku [5]. The efforts to find the new
potential of iron sands in the territory of
Indonesia continue to be done, especially in
areas that do not have complete data that
informs about the potential and amount of
reserves. One of them is in Manokwari
Regency, West Papua Province.

The coastal areas in Manokwari
Regency have variations of sand color
ranging from gray sandy to blackish
(potentially iron sand) and white sand. In the
South of Manokwari itself, there are more
sandy-white beaches until glistening
blackish. In order to know the potential or
absence of coastal sand deposits in the
location, this research is conducted to
characterize its magnetic properties through
several measurements and testing at the
Laboratory.

2. Experiments Procedure

This research uses sand beach samples
taken from the South of Manokwari Regency
precisely at Wosi Beach, Arfai Beach, and
Maruni Beach. These sand beach samples are
then washed with aquades or aquabides and
dried under the sun or using an oven at
105°C for 4-24 hours. The physical
appearance of the sample is shown in Figure

Copyright @2018, JNSMR, ISSN: 2460-4453



J. Nat. Scien. & Math. Res. Vol.4 No.2 (2018) 33-40, 35

1. The characterization of the magnetic
properties of the coastal sand deposits was
done by the analysis of density (p), magnetic
degree (MD), magnetic susceptibility (x) and
also SEM (Scanning Electron Microscopy)
and EDS (Energy Dispersive X-Ray
Spectroscopy) tests.

Density and magnetic susceptibility
measurement were undertaken originally or
it had not been magnetically separated
(Figure 1 above, 1200x1200 dimensions) as
well as on the samples that had been

magnetically separated (Figure 1 below,
440x440 dimensions). The magnetic
separation process is the process of
separating the magnetic grains of the sand
from the non-magnetic grains by using
magnetic spinbar repeatedly. The magnetic
grain mass distribution from the separation
is used for the measurement of density,
magnetic susceptibility and in determining
the magnetic degree (MD) of sand. These
sand samples are also used in SEM and EDS
testing.

(a) Wosi 1 (b) Wosi 2

(c) Arfai 1 (d) Arfai 2

(e) Maruni1 (f) Maruni 2

Figure 1. The physical appearance of the sand before (above) and after (below) the separation

3. Result and Discussion
Density (p)

Figure 2a shows the density
distribution of coastal sand by using
submersion method [13] both before and
after the magnetic separation. The density
measurements were conducted at the
Physics Laboratory in the Faculty of
Mathematics and Natural Sciences, Papua
University and Soil Physics Laboratory in the
Faculty of Agriculture, Papua University. The
density of the sands before the separation
(blue) varies between 2.50-3.64 g-cm3 with
the lowest density is from Wosi 1 Beach and
Wosi 2 Beach and also Arfai 2 Beach while
the highest density is from Maruni 1 Beach.
Then, the density for the sands those have
been magnetically separated (red) is
between 2.67-5.00 grcm-3, with the lowest

density is from Arfai 1 Beach and Arfai 2
Beach, while the highest density is from
Maruni 1 Beach.

The density of Arfai 1 Beach does not
change both before and after separation. On
the other hand, the density of the sand from
Arfai 2 Beach slightly rises. This is due to the
absence of significant or even minor changes
to the comparison of mass and volume
parameters at the determination of density.
But then, there are other factors that
influence the density of sands such as
mineral content, grain shape and grain size
[13][14].

Based on the results of this study, it is
said that the sand density will be higher after
the separation between magnetic particles
and non-magnetic particles. This indicates
that the mineral content of the sand particles
also has an impact on the high-low density of
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the sands. It means that the concentration of
magnetic minerals is directly proportional to
its density. However, in some conditions, it
may not have happened. Figure 1 (below)
shows the size of the sand particles as a
result of magnetic separation. It can be seen
that the size of the sands from Arfai 1 Beach
and Arfai 2 Beach is comparatively finer than
other samples, and those samples have a
lower value of the sand density than the
samples from Wosi 1 Beach and Wosi 2
Beach, which is coarse relatively. In addition,
the grain size of the sands from Maruni
Beach is in between the sands of Arfai and
Wosi Beaches, which has the highest amount
of the sand density.

60 1
)
o 40 36.29
9 .
&
)
©
9 2136
p=l
g 20 4 hd
7]
[v]
=

259 0.28 101 171
0 - ) [ ]

(@) 6,

£

6 2.67
2.67 2.67 55

~N

Density (g.cm)

Wosil Wosi2  Arfail Arfai2 Marunil Maruni2

Sample

Figure 2. Distributions of (a) density and (b)
magnetic degree

Magnetic Degree (MD)

The results of the magnetic degree from
the beaches of Wosi, Arfai, and Maruni are
shown in Figure 2b. The values of magnetic
degree vary from 0.28-36.29 % with the
lowest and highest value respectively from
Wosi 2 Beach and Maruni 1 Beach. The value
of the magnetic degree is influenced by the
mass concentrate, which is obtained from
the magnetic separation process. If mass

concentrate is high then it will increase the
value of the magnetic degree and vice versa.

According to Tampubolon et al in 2014,
the magnetic degree of iron sand is from the
range of 6.40-27.16%. The magnetic degree
of the sands from Maruni 2 Beach has
21.36% and Maruni 1 Beach has more than
27.16%, which is 36.29%. It gives the
information of the potential indicator but it
is recommended to have further analysis of
iron content that has at least 63% Fe along
the coastal area.

Magnetic Susceptibility (y)

Table 1 represents a comparison of the
magnetic susceptibility values of sand beach
between before and after the magnetic
separation. Magnetic susceptibility
measurement uses a unit of Bartington MS2
Magnetic Susceptibility Meter and Multisus
I program at the Magnetism Rocks
Laboratory in ITB. From the three beaches,
the magnetic susceptibility of the sand from
Wosi Beach has the lowest value and the
highest value is from Maruni beach in both
conditions. Before separated, the value of
magnetic susceptibility of samples from
Wosi Beach ranged 80.9x10-8 - 142.6x10-8
m3-kg! and increased after separation to
500.5x10-8-1717.6x10-8 m3-kg-1. It is similar
to the samples from Arfai and Maruni
beaches. Samples from Arfai Beach ranged
636.9x108 - 755.4x108 m3kg! and
increased after separation to 1613.9x10-8 -
5135.4x10-8 m3kgl. Whereas on Maruni
Beach, sample ranged 2173.5x108 -
3106.6x10-8 m3-kg! and increased after
separation to 6360.6x108 - 7447.7x10-8
m3-kg-L. Directly proportional to the increase
of density of the sand samples before and
after separation, magnetic susceptibility
values also increased significantly. The
amount of impurity minerals that are still
mixed with sand samples greatly influence
the magnetic susceptibility value. Samples
that have been magnetically separated, will
have a magnetic mineral distribution more
than the sand samples that have not been
separated. Thus, the magnetic susceptibility
value will also rise.
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Analysis of SEM and EDS

The results of photomineralogy and
identification of elements in sand samples
from Wosi Beach, Arfai Beach, and Maruni
Beach are respectively shown in Figure 3,
Figure 4, and Table 2. Measurements of the
sample from Wosi 1, Arfai 1, and Maruni 1
Beach uses a single unit of SEM-EDS type
JEOL-JSM-6510LV at Hydrogeology dan
Geochemistry Laboratory in ITB Bandung.
Furthermore, the sand samples of Wosi 2,
Arfai 2, and Maruni 2 Beach were tested
using a type of JEOL-JED-2200 series at the
TEKMIRA Laboratory in Bandung.

As shown in Figures 3 and 4, the grain
shape and grain size of the samples from
each area are not homogeneous. The grain
shape tends to round up a sharp angle and
the grain size from fine to coarse. The farther
the distance of the source from the location
of sedimentation, the size will be finer and
vice versa. The angular grains are also one of
the merits indicating that the displacement
is not far from the source rocks, besides
other physical and chemical factors.

Table 2 represents the percentage of the
identified elements mass of each sample.
Samples from Wosi 1 Beach, Arfai 1 Beach,
and Maruni 1 Beach are identified having the
high number of C element, due to the
presence of carbon tape used to attach the
sample so that the value is the total. Element
O is the dominant element of the three
samples and when is combined with other
elements such as Fe, Si, Ti, Mg, Ca, Al, Na or
C, it can form several compounds such as
FeO, Fe;03, Fez04, SiO,, TiO2, Al,03 or other
oxide compounds. The highest content of Fe
element from the samples reached 15.84%
was found in Maruni 1 Beach followed by
Arfai 1 Beach of 11.35% and the lowest was
6.71% in Wosi 1 Beach.

The percentage of mass is found in the
sample of Wosi 2, Arfai 2 and Maruni 2, Fe
and O are dominant. As well as in the

samples from Wosi 1, Arfai 1 and Maruni 1,
the highest Fe content is also discovered in
the sample from Maruni Beach followed by
Arfai Beach and Wosi Beach. The mass
percentage of Fe element in the samples
from Maruni 2 Beach is 44.41%, Arfai 2
Beach is 38.45%, and Wosi 2 Beach reaches
33.90%. Other identified elements
associated in the samples are Na, Mg, Al, Sj,
Ca, Cr and Ti.

The composition of Fe element in the
sample will affect the magnetism properties.
When the Fe content is high in the sample,
the magnetic susceptibility value will also be
high. This statement has been proved by the
results obtained from this study that
samples from Maruni 1 Beach, Arfai 1 Beach,
and Wosi 1 Beach. The same order also is
applied on the samples from Maruni 2 Beach,
Arfai 2 Beach, and Wosi 2 Beach.

The percentage of Fe element that tends
to be lower in the sample from Beach 1 than
Beach 2 is due to the existence of percentage
of element C in its quantitative analysis. The
sample from Beach 1 takes into account the
mass percentage of element C while the
sample from Beach 2 does not take into
account the mass percentage of element C.
However, it still shows the comparison
between the samples. Samples from Maruni
Beach has the highest Fe content, then the
samples from Arfai Beach and the lowest is
the sample from Wosi Beach.

Based on the results of this study, the
iron content (Fe) identified in coastal sand
samples with the range of 6.71 until 44.41%.
This study is a preliminary study to identify
and characterize the magnetic properties of
coastal sand samples located in the South of
Manokwari Regency, West Papua. Therefore,
it is needed further testing and analysis to
determine the distribution patterns of Fe
content along the coast that have the
potential to be done as a support in the
calculation of potential and reserves.
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Table 1. Magnetic susceptibility of () the sand sample before and after magnetic separation

Before Separation After Separation

Sample Range x Mean x Range x Mean x
(x10-8 m3kg1) (x10-8 m3kg1) (x10-8 m3kg1) (x10-8 m3kg1)
Wosi 1a 80.9 -81.8 81.5+0.4 616.2 - 623.9 619.8 £+ 2.5
Wosi 1b 107.6 - 108.9 108.4 + 0.5 500.5-503.0 501.7 £ 0.9
Wosi 1c 114.3-116.1 114.9 £ 0.7 522.9-5249 523.8+0.8
Wosi 2a 86.8 - 89.2 87.8+0.8 1608.9 - 1612.4 1611.1+1.2
Wosi 2b 130.0 - 132.4 131.4+0.8 1711.9-1717.6 17145+ 2.1
Wosi 2c 141.3 - 142.6 142.1 £ 0.5 1352.9 - 1356.0 1354.4+ 1.0
Arfai 1a 697.6 - 699.3 698.3 £ 0.6 1756.1-1761.2 1758.7 + 1.7
Arfai 1b 753.7 - 755.4 754.5 £ 0.6 1613.9-1617.2 16153+ 1.2
Arfai 1c 688.5-691.9 689.8 £ 1.2 1748.2 -1752.1 17504+ 1.6
Arfai 2a 636.9 - 642.0 6389 +1.7 3657.3 - 3666.4 3660.6 £ 3.7
Arfai 2b 655.7 - 659.2 657.4 £ 1.3 3818.0 - 3836.3 3827.6 £6.7
Arfai 2¢ 654.9 - 657.9 6569 £ 1.1 5125.6 - 5135.4 51309+ 3.4
Maruni 1a 2173.5-2188.0 2180.1+4.9 6845.6 - 6849.7 6847.0 £ 1.4
Maruni 1b 3101.9-3106.6 31048+ 1.6 7437.8 - 7447.7 7442.7 £ 3.6
Maruni 1c 2895.5 - 2899.6 2897.7+1.7 72209 -7227.8 7224.1+£29
Maruni 2a 6489.6 - 6508.4 6497.3 £ 6.2
Maruni 2b 6360.6 - 6372.6 6366.8 £ 3.9
Maruni 2¢ 6897.6 - 6918.0 6911.6+7.4

Figure 3. Photomineralogy of sand samples from (a) Wosi 1, (b) Arfai 1 dan (c) Maruni 1
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(a) Wosi 2
(b) Arfai 2
(¢) Maruni 2

Figure 4. Photomineralogy of sand samples from (a) Wosi 2, (b) Arfai 2 dan (c) Maruni 2

Table 2. The presentage of element mass

% Mass
Sample
0 Na Mg Al Si Ca Cr Ti Fe

Wosil 2741 4181 168 235 483 1213 141 * 1.68 6.71

Arfail  26.81 40.70 1.06 292 4.69 10.04 1.18 * 1.25 1135
Marunil 21.24 4150 091 2.06 344 821 2.59 * 419 15.84
JED-2300 analysis station

*not included

Wosi 2 * 35.62 166 3.01 640 11.67 282 0.28 4.66 33.90

Arfai 2 * 3348 129 218 474 894 4.03 0.14 6.74 3845
Maruni 2 * 33,51 1.38 3.29 6.38 10.87 - 0.15 - 44.41

RDCMCT-JED-2200 series

4. Conclusion

Regarding the results of this study, the sand
samples from Maruni Beach have density ranged
3.33-5.00 grem3 with the magnetic degree of
21.36-36.29% and the highest magnetic
susceptibility reaches 7447.7x10-8 m3-kg'l. The
sand samples of Arfai Beach have density ranged

2.50-267 g-cm3 with magnetic degree of 1.01-
1.72% and the highest magnetic susceptibility
reaches 5135.4x10-8 m3kgl. While the Wosi
Beach sand sample has density ranged 2.50-2.86
g-cm3 with magnetic degree of 0.28-2.59% and
the highest magnetic susceptibility reaches
1717.6x10-8 m3-kg1.
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The presence of Fe element in each sand
sample varies with the highest percentage to the
lowestin a row is the sand of Maruni Beach, Arfai
Beach and Wosi Beach. This is in mutual accord
to the high magnetic susceptibility value of
Maruni beach sand and followed by Arfai Beach
while the lowest is the sand of the beach Wosi.
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