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 In this study, we investigated the mineral content and magnetic properties of river iron sand 
from Jayapura, Papua. The iron sand was collected from the Waimbow River in the Waibu 
District, whereas the bulk samples were extracted using a permanent magnet. The extracted 
iron sand was characterized using X-ray fluorescence and X-ray diffractometer to identify the 
elemental composition and structural phase. Meanwhile, the vibrating sample magnetometer 
was also applied to characterize the magnetic properties. The results show that the iron sand 
contains magnetite as a major mineral, with soft magnetic properties. The hysteresis curve 
shows that the iron sand has a high saturation magnetization of 27.8 emu/g, remanent 
magnetization of 2.34 emu/g, and coercive field of 21.3 Oe. These results also indicate that the 
iron sand formation in northern Papua was mainly due to lithogenic factors. 

 

1. Introduction 
Iron sand is one of Indonesia's high potential mineral resources, with an amount that can reach up to 160 million tons, scattered across 

the coastal and rivers, from Sumatera to Papua [1]. Iron sand contains iron ore which is commonly in the form of hematite, magnetite, 
maghemite, oxides or carbonates, namely siderite and calibit [2]. Furthermore, iron sand exhibit magnetic properties, which may vary and 
even increase significantly with just simple treatment, such as magnetic extraction [3] and grain size variation [4]. Due to its attractive mineral 
and magnetic properties, many efforts have made to make iron sand more economically valuable, no longer just as a basic building material. 
Ceramic permanent magnets [5], magnetic nanoparticles [6], color pigments [7], and other material are some examples. Therefore, research 
on iron sands characterization becomes important. 

Previously, exploration of the characterization of iron sands in Indonesia focused mostly on Sumatera and Java. This is reasonable, since a 
significant number of volcanoes lie within Sumatera and Java and influence the high distribution of iron sand in the area. A comparative study 
of iron sand characteristic from several area in Java revealed that magnetite, hematite, and ilmenite mineral were present, with relatively high 
mass-specific magnetic susceptibility values ranging from 1  10-4 m3/kg to 3  10-4 m3/kg [5, 8]. Another study confirmed that the iron sand 
deposit in Java was derived from denudation of andesite and old andesite formation enriched in magnetite and ilmenite minerals [9]. Several 
studies of iron sand from Sumatera revealed the magnetite minerals were also dominant, hence lower magnetic properties [10, 11]. 

The iron sands in Papua have begun to attract attention nowadays, in particular on the north coast of Papua. Our previous studies focused 
on the iron sand from the coastal areas in Sarmi Regency [12–15]. The natural iron sand in Sarmi revealed that hematite and magnetite mineral 
were dominant [13], and they could be useful as a concrete raw material for nuclear protective walls [14]. Interestingly, the magnetic extract 
of iron sand from the Tor river estuary showed a magnesioferrite (MgFe2O4) mineral with a higher mass-specific magnetic susceptibility value 
of 2.7  10-4 m3/kg and a superparamagnetic behavior, suggesting a widespread application in microwave devices. However, the existence of 
iron sand in northern region of Papua is still occasional since the absence of an active volcano in these areas. 

The river plays an important role in Papua, not just for domestic but also for economic activities [16]. The rapid development in Jayapura, 
Papua, has led to a high level of river sand mining in the area. The Waibu district, in Jayapura Regency, has been known to have a busy C-class 
mining activity [17]. Unfortunately, uncontrolled river sand mining can cause environmental problems [18]. Furthermore, the use of iron sand 
from rivers for industrial applications will certainly be more profitable than for concrete material. In this study we investigated iron sand from 
rivers from northern region of Papua, particularly Jayapura Regency. The purpose of this research is to provide information on the mineral, 
structural properties, and magnetic properties of river iron sand, in order to determine the potential for more profitable applications. 

 

2. Experimental Methods 
The iron sand was collected from Waimbow River, Waibu District, Jayapura Regency, Papua Province, located around 2°33’11.2” S dan 

140°27’23.1” E, as shown in Figure 1. The collected iron sand was washed with distilled water to remove the sea water content and then 
proceed with natural drying under the sun. Subsequently, the sample was crushed using a grinder and mortar to be further extracted using a 
permanent magnet. The magnetic extracted iron sand was then sieved using a 200-mesh test sieve to obtain the iron sand bulk. Following that, 
the iron sand bulk was characterized.  

The elemental compositions were analyzed using MiniPal 4 (MP4) EDXRF spectrometer. The X-ray diffraction pattern was collected using 
X-ray diffractometer PANalytical X-Pert Pro-MPD (PANalytical, Almelo, The Netherlands). Qualitative analysis of the crystal structure was 
identified with the Crystalography Open Database (COD) using the Match! Software [19]. The remanent magnetization, saturation 
magnetization, and coercivity  were characterized using a vibrating sample magnetometer (VSM) OXFORD 1.2 H machine (Oxford Instrument, 
Oxfordshire, UK) with an applied magnetic field between -10 kOe and +10 kOe. 
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Fig. 1. Map of sampling point, Waimbow River at Waibu District, Jayapura Regency, Papua Province 

  

3. Results and Discussion 
The elemental compositions of the iron sand samples analyzed using X-ray fluorescence were shown in Table 1. The Fe element is the most 

dominant magnetic element, together with a small composition of other transition elements which also have magnetic properties, such as Cr, 
Ni, Mn, Ti, Re, and V. The non-magnetic Si element is the second dominant element, followed by the Ca element. Overall, this composition shows 
the typical characteristic type of natural iron sand [12, 13]. 

 
Table 1. Elemental compositions of iron sand from Waimbow River, Jayapura 

Elements Composition (%) 
Fe 75.46 
Si 16.00 
Ca 4.77 
Cr 1.41 
Ni 1.24 
Mn 0.43 
Ti 0.41 
K 0.34 

Cu 0.17 
Re 0.09 
V 0.08 

Zn 0.06 
Rb 0.03 
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Fig. 2. X-ray diffraction pattern of iron sand from Waimbow River, Jayapura 
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To confirm the magnetic properties of the iron sand samples, the hysteresis curve was measured at room temperature of the iron sand, as 
shown in Figure 3. The curve showed a hysteresis loop with a high saturation magnetization of 27.8, a remanent magnetization of 2.34 and a 
coercive field of 21.3. Furthermore, the hysteresis curve shows a narrow curve area, indicated that the iron sand is a typical soft magnetic 
material [20]. The low coercivity and paramagnetic-like behavior was known as the typical hysteresis curve of commercial magnetite [21]. 
Hence, the magnetic properties of the iron sands from Waimbow River, Jayapura arise from the magnetite mineral contained in it. However, 
the narrow curve area may be caused by the presence of impurities phase [21], such as quartz and Birnessite. The crystal phase and magnetic 
characterization of the river iron sand from Jayapura was found to be similar to that of the coastal iron sand from Sarmi, which is dominated 
with magnetite (Fe3O4) and exhibits soft magnetic properties. This feature may suggests several magnetic applications, such as magnetic 
material for magnetic tape, magnetic speaker, magnet electric motors and others [5]. 

 

 
Fig. 3. Hysteresis curve of iron sand from Waimbow River, Jayapura 

 
Notably, the iron sand on coastal Sarmi also strongly indicates that the iron sand originates from the river, namely the Tor River. The 

Waimbow River has a natural environment, not a densely populated areas, suggested that the source of magnetic minerals in the iron sand 
were mainly a lithogenic magnetic mineral [22]. Further study on the magnetic properties of the iron sand along the Waimbow River may be 
needed to verify the origin of the iron sand formation in the northern Papua. 

 

4. Conclusions 
Iron sand extracted from the Waimbow River, Waibu District, Jayapura regency, Papua contains Fe (75.46 %) and Si (16.00 %) as the 

predominant elemental contents. The X-ray diffraction pattern also confirmed the presence of magnetite, quartz, and birnessite polycrystalline 
phases. The hysteresis curve parameter measured at room temperature shown that the extracted iron sand from Jayapura is a soft magnetic 
material with a high saturation magnetization of 27.8, a remanent magnetization of 2.34, and a coercive field of 21.3. 
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