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Abstract 

 Information about the eruption of Mount Lawu in Central Java Province in 1885 and Mount Merapi 

in D.I. Yogyakarta in 2010 became a source for estimating the presence of magnetic minerals which 

underwent a sedimentation process in the Bengawan Solo River from upstream (Wonogiri) - downstream 

(Bojonegoro). The results we get of the magnetic susceptibility distribution of the Bengawan Solo 

sediments reveal that the sediment from the upper reaches of the Bengawan Solo River has a low frequency 

magnetic susceptibility value in upstream of around 1,080.23×10−8 m3/Kg - 2,780.77×10−8 m3/Kg, the 

middle part is 74.40×10−8 m3/Kg - 1,735.90×10−8 m3/Kg, and downstream 17.57×10−8 m3/Kg - 

1,620.53×10−8 m3/Kg. The value of magnetic susceptibility decreased significantly from upstream to 

downstream. High susceptibility indicates the sample contains metal elements. In determining iron oxide, 

we use X-Ray Fluorescence assisted by X-Ray Diffractometer testing to determine magnetic minerals. X-

Ray Fluorescence confirm metal oxide in the sample. There are Al and Fe confirm the presence of magnetic 

properties in sedimentation. The Vibrating Sample Magnetometer confirmed that the Bengawan Solo 

sediment has a magnetic saturation about 0.06 - 9.50 (emu/g), a magnetic remanent around 0.001 - 0.575 

(emu/g) and coercivity field of around 10 - 60.15 (Oe). X-Ray Diffractometer pattern confirm the mineral 

structures, namely Coesite, Magnetite, Cristobalite, Portlandite, Quartz, Anatase, Goethite, Tridymite, 

Gibsyte, Stishovite, Grasullaria, Labradorite and Wuestite. These results indicate the novelty of sediments 

from Bengawan Solo, Central Java to East Java. 
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Introduction 

 Bengawan Solo is the longest river on the island of Java, which is around 600 km. The upstream of 

the river originates from 2 places, namely around Mount Merapi and the South Mountains (Wonogiri). The 

two of them then met with the Madiun River in Ngawi, whose headwaters were located on the western 

slope of Mount Wilis. In the Ujungpangkah (Gresik) area of the Bengawan Solo empties into the Java Sea, 

the Bengawan Solo found many Quaternary sediment deposits [1]. 

 Sediment is a fraction of mineral or organic material that undergoes a process of transportation from 

various sources and is deposited by the medium. Sediments found in rivers contain a variety of different 

minerals depending on the source of the deposited media. According to [2], rivers become a collection of 

minerals that can be analyzed, dust deposition from the atmosphere (volcanic ash), and minerals formed 

through authigenic processes. Research conducted by [3], it was confirmed that the magnetic values in the 

sediment ranged from 844 - 7,231.4×10−8 m3/Kg, this value was due to volcanic factors as metal oxide 

deposits in the surrounding area. 

 At this time the study of magnetic properties has been used in the field of advanced materials. Usually, 

they use magnetic susceptibility to get good materials. Good material with high susceptibility. The 

advanced materials that are being carried out in this era are [4-7]. Study of sediments in the Surabaya River 

[8], The magnetic susceptibility was obtained between 259.4 - 1,134.8×10−8 m3/Kg. The PSD to MD 

domains dominates the minerals in the river environment, a grain size of 6 - 14 μm. The study [9], before 

being polluted by waste, the xlf magnetic susceptibility value was around 1,763.50×10−8 m3/Kg, but after 
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being polluted by waste it changed to 1,907.33×10−8 m3/Kg. It is ensured that the value from upstream to 

downstream has increased. The study [10], studies on yellow river sediments in the china area regarding 

magnetic properties as an indicator of heavy metals with the results of the most dominant elements being 

Co, Cr, Ni, Cu, Zn, and Pb. Studies conducted in the southern part of China on evidence of clay minerals 

and magnetic properties confirm that the minerals present in the study area are dominated by Magnetite, 

hematite and goethite on the sediment surface [11]. Studies conducted on the southern Tibetan Plateau 

regarding magnetic properties confirm that it is dominated by coarse ferrimagnetic grains [12]. Grain size-

dependent studies on the magnetic properties of the Holocene delta sediments found that the mean grain 

size was < 16 um [13]. 

 The emergence of the Bengawan Solo does not rule out the possibility of a fault. Based on the 

geological map, there are 4 types of faults, namely anticline faults [14], syncline faults [14,15], inactive 

faults [17], and inactive reverse faults [18]. In the middle of the Bengawan Solo there is an inactive reverse 

fault. The inactive reverse fault resulted in the central area appearing earlier than other areas of the 

Bengawan Solo. This is supported by the discovery of fossils in the Trinil area [19-22]. The central area of 

Bengawan Solo is the oldest among the other regions. The area is Miocene in age. The Miocene geological 

age scale is approximately 23.03 - 5.332 million years ago. 

 The Upper and Lower parts appear with the same geological age scale, namely the Holocene. The 

Holocene is a geological scale that is young among the Miocene geological scales. Meanwhile, the Mount 

Lawu area appears in the Holocene time span. This means that the initial hypothesis can be taken that the 

upstream and downstream are the result of the deposits of Mount Lawu and Mount Merapi. Researchers 

have recorded that the last eruption occurred on November 28, 1885 [23]. Volcanic material from the 

eruption of Mount Lawu spread in all directions [24]. Volcanic material resulting from the eruption has 

main elements in the form of Si, Al, and Ca and contains metal elements in the form of Fe, Pb, and Ti [25-

28]. Elements contained in volcanic materials such as Fe are the constituent elements of magnetic minerals 

[29]. Mount Merapi’s biggest eruption was recorded for the first time in 1548 [30]. 

 Wind is a medium of transportation for Mount Lawu material, some sedimentation occurs around the 

mountain, some is carried by air to move from 1 place to another. As long as peace will be [31]. One of the 

possible places for the deposition of volcanic material is river sediments. The river that allows and is located 

around the Mountain area is Bengawan Solo. The purpose of this study is to see the magnetic properties of 

the Bengawan Solo because it is surrounded by volcanic eruptions. 

 

 Geologycal setting 

 Java island has the longest river, namely Bengawan Solo, about ~600 km2. Bengawan Solo stretches 

from the Wonogiri area of Central Java Province as the upstream and ends in the Gresik area of East Java 

Province as the downstream [32]. The geology of Bengawan Solo is shown in Figure 1. In Figure 1 we 

can see Bengawan Solo River starts from the Wonogiri area, East Java Province and reaches the Bojonegoro 

area on the eastern side of Surakarta City. Bengawan Solo is formed from several formations and the 

influence of Lahar from Mount Lawu. The South Side of Surakarta City is dominated by Alluvial. Alluvial 

form of sediment along the south side to Surakarta City. The southern side of Surakarta City, precisely the 

Wonogiri area, is confirmed from the geological map in Figure 1 to have a Holocene age. The age of the 

Holocene on a geological scale range from 11,430 ± 130 years ago. 

 Continued with the eastern side of Surakarta City formed from alluvial which is confirmed to be the 

same as the southern area of Surakarta City with the same age. On the North side it is dominated by 3 

formations forming the Bengawan Solo River. The 3 formations are the Tambakrumo Formation, the 

Pucangan Formation, and the Kalibeng Formation. Based on the geological scale and geological map in 

Figure 1, the 3 formations were formed at different times from 1 another [33]. The first formation was the 

Kalibeng formation. The Kalibeng Formation was formed around 23.03 - 5.332 mya. Followed by the 

formation of the Pliocene Pucangan Formation. It is confirmed that the age of the Pliocene was formed 

around 5,332 to 1,806 million years ago. The last formation formed on the north side of Surakarta City is 

Tambakrumo. The Tambakrumo Formation is confirmed to have formed on the Pleistocene geological 

scale. The Pleistocene geological scale has confirmed an age of around 2.58-million years to 11,500-

thousand years ago. 

 Almost all formations are dominated by sediments. The sediments are either coarse or fine textured. 

This is due to erosion and weathering factors in an area. The high erosion rate results in the complete change 

of coarse materials into fine grains [34,35]. Inversely proportional to areas that have low erosion rates. 

Materials with large sizes and rough textures cannot be completely transformed. The level of weathering 

also has an impact on the texture of the materials found at the location. The same applies to areas that have 
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high or low erosion rates. Usually, areas that have a high level of weathering are dominated by active and 

numerous microbes. These microbes cause materials to change shape from coarse to fine grains [36]. 

 In addition to the formations that were formed in the Bengawan Solo area, there are faults that make 

the Bengawan Solo area appear to the surface. There are 4 types of faults in the Bengawan Solo area 

confirmed. These faults are Anticlinal Faults, Cycline Faults. Inactive fault, and inactive reverse faults. 

 

 
Figure 1 geological map of Bengawan Solo which stretches from Central Java Province to East Java. In 

the formation of Bengawan Solo, there are 6 formations that form the basis for the formation of Bengawan 

Solo sediments. Apart from the formations mentioned. 

 

Materials and methods 

 We do this study on a stretch of geographic position. The Bengawan Solo area is divided into 3 parts, 

namely Upstream, Middle, and Downstream. The upper part starts from E110.926 - S7.826, the middle 

E111.224 - S7.365 and the lower part E111.438 - S7.273 can be seen in Figure 3. From all sides only in 

the middle part were found ancient heritage sites. The site is Trinil. As explained in the introductory section, 

the researchers had already found ancient relics in the Trinil area. As an initial indication that the discovery, 

and confirmation of Figure 1, it is true that the middle section is the oldest site compared to the other 2 s. 

In this study, we focus on upstream sites starting from the Wonogiri area to the downstream ending in the 

Bojonegoro area. Upstream to downstream is ~200 km2. The distance between 1 sample and another is ~13 

km2. From all sections we took 23 samples for magnetic susceptibility testing while for the X-Ray 

Diffractometer, X-Ray Fluoresence and Vibrating Sample Magnetometer tests we analyzed 15 samples 

from 28 samples. This is due to the formation factors involved in the formation of the Bengawan Solo 

River. Therefore, the raw sample is washed to obtain pure sediment. We wash using aquadest. After the 

samples were washed, they were dried in a memmert oven at 100 °C for 12 h. We use Bartington Magnetic 

Susceptibility as an instrument in measuring the magnetic value of materials with sensor B (MS2B) 

(Bartington Instrument Ltd., Whitney, UK) which operates at 2 frequencies, namely 470 Hz (low frequency 

xlf) and 4,700 Hz (high frequency xhf). We used a Vibrating Sample Magnetometer (VSM) (Type: Versa 

Lab, Quantum design) test at room temperature to obtain the saturation magnetization (Ms), remanent 

magnetization, and coercivity field (Hc). In determining the metal oxide in the sample, we used X-Ray 

Fluorescence brand: PANalytical, Type: Manipal 4. Mineral analysis in sediments using X-Ray 

Diffractometer with Cu K radiation, used 10 - 90 °. 
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   (a)                                                   (b) 

Figure 2 Several locations of the Bengawan Solo River are in the middle and downstream. (a) middle 

Section (SR 9); (b) Downstream section we found outcrop (SR 14). 

 

 

Table 1 Description of samples taken in the field. 

Code Coordinates Description 

SR 1 110.926 E; 7.826 S 

The sample is sedimentation. Fine grain shape. Size is about 1 - 5 mm. 

blackish brown in color. 

SR 2 110.936 E; 7.781 S 

SR 3 110.824 E; 7.726 S 

SR 4 110.800 E; 7.634 S 

SR 5 110.843 E; 7.580 S 

SR 6 110.893 E; 7.510 S 

SR 7 110.961 E; 7.394 S 

SR 8 111.224 E; 7.365 S 
Samples were taken from sedimentation that had long settled. 

approximately. 1 - 6 mm. Fine grain shape. 

SR 9 111.358 E; 7.375 S 
The sample is sedimentation. Yellowish brown in color. The sample is 

in the form of coarse grains measuring 1 - 6 cm. 

SR10 111.452 E; 7.390 S 
The sample is in the form of pebbles measuring 1 - 3 cm. blackish brown 

in color. Possibly as a breeding ground for living things in ancient times. 

SR11 111.438 E; 7.273 S 
The sample is in the form of fine gravel measuring 1 - 5 mm. blackish 

brown. 

SR12 111.598 E; 7.154 S 
Samples were taken in the middle of the Bengawan Solo River. In the 

form of coarse gravel measuring 1 - 3 cm 

SR13 111.726 E; 7.115 S 
Samples were taken from the sedimentation process. Blackish yellow. 

Fine grain size of 1 - 7 mm. 

SR14 111.896 E; 7.136 S 
The sample is an outcrop that is still fresh. Brownish yellow in color. In 

the form of fine gravel. 

SR15 111.040 E; 7.342 S 
The sample is an outcrop that has become rocks. As a place to live for 

ancient living things. 
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Results and discussion 

 Magnetic susceptibility (MS2B) 

 The results obtained from the Barthington Susceptibility Meter Sensor B test can be seen in Table 2 

and from these values a mapping can be made according to Figure 3. 

 

Table 2 The value of magnetic susceptibility from upstream to downstream. 

Code Average (𝝌𝒍𝒇)(10−8 m3/Kg) Average (𝝌𝒉𝒇)(10−8 m3/Kg) 

SR 1 2,780.77 2,766.47 

SR 2 1,490.9 1,472.5 

SR 3 2,544.83 2,521.83 

SR 4 1,080.23 1,076.3 

SR 5 2,007.6 2,001.83 

SR 6 2,392.07 2,382.13 

SR 7 1,586.2 1,582.33 

SR 8 803.27 794.97 

SR 9 969.7 961.07 

SR 10 1,735.9 1,730.4 

SR 11 1,035.73 1,032.67 

SR 12 1,620.53 1,614.73 

SR 13 505.93 503.9 

SR 14 17.57 17.33 

SR 15 74.4 74.33 

R1 3,745.1 3,742.7 

R2 3,891 3,842 

R3 3,632.7 3,599.7 

R4 5,262.1 5,216.8 

R5 2,939.2 2,938.4 

R6 2,453.7 2,451.1 

R7 1,467.5 1,467.1 

R8 1,940.3 1,926.3 

China [37] 7.645 ~ 11.87 7.466 ~ 11.76 

Morocco [38] 53.80 - 

Indonesia (South Sulawesi) [39] 47.7 - 968.7 45.7 - 957.4 

Indonesia (West Sumatra) [40] 291.1 - 12,445.5 - 

Vietnam [41] 48 26 

 

 Table 2 and Figure 3 confirm that points R1-8 are points taken around Mount Lawu which have large 

magnetic susceptibility values. This is because the volcanic material containing metal oxide contained in 

the sample is very high. So, because of the presence of metal oxide, the measured sample has a high value 

as well [9]. It has a positive correlation with 1 another. In Table 2 is divided into 2 different codes. The 

first part is SR1 - 15. The code is part of Bengawan Solo. While the second part, namely R1 - 8, is bomb 

material resulting from the eruption of Mount Lawu. Between the 2 parts it is confirmed that the second 

part is higher than the first part. However, the downstream and middle sections of the Bengawan Solo have 
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high values due to factors caused by the mixing of Mount Lawu eruption material with Bengawan Solo 

sediment material. 

 From Figure 2 the susceptibility values generated by the Bengawan Solo samples varied greatly. 

From the point of collection location with the distance of Mount Lawu to the sampling point, Mount Lawu 

provides eruption material to the upstream part of the Bengawan Solo. Comfirm that in the western part of 

Mount Lawu is confirmed to be high compared to the northern part of the Bengawan Solo. 

 

 

Figure 3 Distribution of magnetic susceptibility of Bengawan Solo River. The lower value of magnetic 

susceptibility is presented from upstream to downstream. Evidenced by the presence of significant color 

differences between the upstream and downstream. 

 

 Magnetic susceptibility is a value as an indication of the material containing magnetic minerals. 

Magnetic susceptibility is the ability of a material to accept an external magnetic field. High or low 

magnetic susceptibility as an indication that the presence of magnetic minerals in the material [42]. The 

high magnetic susceptibility value is also an indication that it is increasingly difficult for a material to accept 

an external magnetic field. So, the material is very good for doing research. Materials that contain 

Ferromagnetic properties have unique characteristics compared to Ferrimagnetic and Ferromagnetic. This 

characteristic is that if the magnetic field is removed or forced to touch zero, the ferromagnetic material 

still retains a magnetic remanent. This feature is utilized by researchers, especially in the paleomagnetic 

field. 

 The results of the eruption of Mount Lawu were deposited or there was a sedimentation process in 

the western (upstream) part of the Bengawan Solo. This deposit causes magnetic susceptibility value to 

increase. The northern part of the Bengawan Solo is confirmed to be low. Magnetic susceptibility values 

for the Middle and Downstream sections were found to be anomaly. 

 The anomaly at the middle SR 15 and downstream SR 14 points confirmed the lowest magnetic 

susceptibility values compared to the other sections. Point SR 14 obtained an outcrop. The outcrop consists 

of red clay. The outcrop contains poor magnetic minerals. The SR 15 point in the center is the same as the 

SR 14 point. An outcrop is found that has hardened into a rock. From the susceptibility value, it can be seen 

that the SR 14 point also contains quite a few magnetic minerals. So that it can be analyzed that the value 

of susceptibility decreases from upstream to downstream. 
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 X-Ray fluorescence (XRF) 

 We get the elemental oxide concentration showed at Table 3. The identified ingredients are presented 

in Table 3 where the concentration is in percent (%). From Table 3 it is known that there are 20 oxide 

bonds. 

 There are 6 oxide bonds with dominating concentrations starting from the highest concentration, 

namely iron oxide (Fe-O), silica oxide (Si-O), aluminum oxide (Al-O), calcium oxide (Ca-O), thallium 

oxide (Ti-O), and potassium oxide (K-O) as well as 13 oxide bonds with concentrations below 1 %. 

 

 

Table 3 The composition of elements in the Bengawan Solo samples from upstream to downstream. 

Code 
Oxide concentration (%) 

Al-O Si-O K-O Ca-O Ti-O Fe-O Others 

SR 1 12 29.4 1.1 9.51 2.47 43.13 2.39 

SR 2 14 25.5 0.45 4.16 2.41 50.52 2.96 

SR 3 10 27.2 0.8 5.51 3.59 49.58 3.32 

SR 4 12 34.1 2.57 13.5 1.88 31.9 4.05 

SR 5 11 28.7 1.5 11.3 3.02 41.3 3.18 

SR 6 11 29 1.6 11.4 3.15 40.6 3.25 

SR 7 11 28.7 1.66 11.2 3.06 40.86 3.52 

SR 8 10 27.9 1.5 15.1 3.07 39.1 3.33 

SR 9 10 30 1.3 18.5 2.58 34.5 3.12 

SR 10 9.8 26.1 1.3 17.7 3.22 38.6 3.28 

SR 11 11 27.6 1.3 12 3.23 42.62 2.25 

SR 12 6.9 24.2 1.53 27.7 2.8 34.4 2.47 

SR 13 8.7 28.8 1.3 22.8 2.59 33.3 2.51 

SR 14 0 21.7 0.56 56.2 2.46 15.5 3.58 

SR 15 1.2 3.7 0 80.74 0.73 8.98 4.65 

Kosovo [43] Fe > Mn > Zn > Sb > Ni > Sn > Cu > Rb > Pb > Cd > Ag 

Western United States [44] Most Pb, As, Cu, and Cr 

Italy [45] Most Cu, Pb, and Zn 

 

 

 
(a)      (b)      (c) 

Figure 4 The relationship between metal oxide of Fe-O and Si-O Bengawan Solo River section, (a) 

upstream; (b) Downstream; (c) Middle. 
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 The erosion process during the transportation stage of volcanic materials from Mount Lawu to the 

Bengawan Solo, one of the most dominant means of transportation, is water. Water sources can come from 

rainwater or river flow. The erosion rate is proportional to the intensity of the rains increases and the 

steepness of the slopes [46]. The largest river flowing material from the mouth of Mount Lawu is the 

Bengawan Solo River. The results of the XRF test in the Bengawan Solo section showed the dominant 

metal oxide is iron oxide (Fe-O) content because in the earth's crust the dominant element is Fe [47]. 

 In Figure 4(a) graph of the relationship between Si-O and Fe-O where (a) is upstream; (b) middle 

part; and (c) downstream. From the 3 graphs it shows that there are 2 directions of the same trend, namely 

directly proportional while 1 chart shows a negative trend direction or inversely. When the amount of silica 

oxide (Si-O) increases, the amount of iron oxide (Fe-O) decreases, and vice versa if the content of silica 

oxide (Si-O) increases, the amount of iron oxide (Fe-O) also increases. 

 

 X-Ray diffractometer (XRD) 

 The results of characterization with XRF showed that the sediment samples indicated the presence of 

magnetic properties. To find out exactly the type of mineral, characterization is carried out with X-Ray 

Diffraction (XRD). The results of the characterization obtained a diffraction pattern consisting of several 

peaks. By using the OriginLab software the results are plotted for the y-axis in the form of peak intensity 

and the x-axis from the measured diffraction angle. At each peak that is in a diffraction pattern formed 

because the X-ray beam is diffracted from the plane in the sample material. Therefore, each peak has a 

mutually proportional intensity and number of x-ray photons that can be detected by detectors at each angle. 

In Figures 5(a) - 5(c) confirm the pattern of XRD characterization results from sediment samples in 

the upstream-downstream of the Bengawan Solo [48]. The comparison results of XRD characterization 

were assisted by the HighScore Plus application with data from COD (Crystallography Open Database). 

Old Lawu Mountain found several minerals including albite and cristobalite. The mineral cristobalite is 

silica which is formed from the final process of crystallization of volcanic rocks. 

The mineral cristobalite (SiO2) like the mineral quartz (SiO2) is a mineral that is formed in the 

intermediate weathering stage. Magnetite minerals are also found on Mount Lawu. According to [49], 

ferromagnetic minerals one of which is magnetite is not affected by weathering because it has low 

coercivity. The XRD results from the upstream-downstream Bengawan Solo samples are presented in 

Table 4. The minerals contained in the Bengawan Solo River sample are very rich in minerals originating 

from various sources. These sources can come from Mount Lawu, Mount Merapi and even Mount Wilis. 

 

 

 
   (a)      (b)      (c) 

Figure 5 The diffraction pattern generated by the Bengawan Solo sample section; (a) upstream; (b) Middle; 

(c) Downstream. 

 

 

Table 4 List of minerals contained in the upstream-downstream bengawan solo samples. 

Symbol Mineral Compound Description 

C Coesite SiO2 
Formed when very high pressure, and high enough 

temperature, is applied to quartz [50]. 

M Magnetite Fe3O4 
The mineral has the most magnetic properties among all the 

natural minerals on earth [51]. 
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Symbol Mineral Compound Description 

Cr Cristobalite SiO2 
Formed at very high temperatures with moderate pressure 

[52]. 

P Portlandite Ca (OH)2 
A natural form of calcium hydroxide and a calcium analogue 

of brucite [53]. 

Q Quartz SiO2 The second mineral we can found in earth behind feldspar 

A Anatase TiO2 
Anatase in nature is usually a black solid because of 

impurities [54]. 

Ge Goethite Fe3O(OH) 
An oxide mineral that can be found in soil and low 

temperature environments [41]. 

T Tridymite SiO2 
White or colorless, or scales, in cavities in felsic volcanic 

rocks [55]. 

G Gibbsite Al (OH)3 
Important ore in aluminum mining, and is one of the 

compositions of bauxite rocks [56]. 

S Stishovite SiO2 
The extremely hard and dense tetragonal form of silicon 

dioxide 

Gr Grasullaria Ca3Al2(SiO4)3 Calcium can be replaced by iron and aluminum [57]. 

L Labradorite 
((Ca, Na)  

(Al, Si)4O8) 
A type of mineral feldspar 

W Wuestite FeO A natural Iron 

 

 

 In Table 4, the minerals contained in the sample are presented. Some minerals are included in iron 

oxide. Elemental iron oxide makes the sample contain magnetic properties. Coesite minerals are formed 

from high temperatures and pressures which are characteristic of volcanic eruptions. During a volcanic 

eruption, the high temperature inside the earth is very different compared to the temperature outside the 

earth. Similarly, the pressure temperature inside the bowels of the earth is much higher than outside the 

bowels of the earth. 

 

 Vibrating sample magnetometer (VSM) 

 VSM is an instrument used in determining the magnetic properties of Bengawan Solo sediments from 

upstream to downstream. The characterization value is defined as the yielding hysteresis curve 

Magnetization (M) and Magnetic Field (H) in Figure 6. In Figures 6(a) - 6(c) can see the magnetic 

properties of the material in different parts. In part (a) the hysteresis curve has a nearly symmetrical reverse 

sequence when subjected to a magnetic field or when the magnetic field is removed.  

 This is due to the very small amount of magnetic mineral content in the sample. Dominated by non-

magnetic minerals. The hysteresis curves in Figures 6(a) - 6(c) have a narrow area which indicates the 

energy required for the magnetization process. So that Figures 6(a) - 6(c) shows S-type hysteresis curve 

the presence of ferromagnetic characteristics from the sediment [58]. 

 

     
(a)     (b)     (c) 

Figure 6 The magnetic properties of bengawan solo. We can see at; (a) Downstream Section, (b) Upstream 

Section, and (c) Middle part. 
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 Magnetic susceptibility values can be plotted to obtain the magnetic properties of the rock. Using 

formula 𝜒 = 𝑑𝑀/𝑑𝐻, where χ is the magnetic susceptibility value, while M is the magnetization and H is 

the external magnetic field that is inserted into the sample. So, we can know the magnetic domains 

contained in the Bengawan Solo samples upstream-downstream. Look at Figure 7 and Table 5. Based on 

Table 5 the magnetic saturation values of all samples ranged from 0.06 - 9.4 (emu/gr) while the magnetic 

remanent were between 0.001 - 0.575 (emu/gr). Coercivity field values in the samples ranged from 10 - 

60.15 (Oe). From the value of the coercivity field, the sample of Bengawan Solo River is classified as soft 

magnetic.  

 

 

Figure 7 A partial snapshot of the sample in magnetic domain determination is contained in (a) 

Downstream sample (SR 12), (b) Upstream sample (SR 2), and (c) Middle sample (SR 9). 

 

Table 5 Magnetic saturation (Ms), magnetic remanent, and magnetic coersivity. 

Code Ms (emu/gr) Mr (emu/gr) Mr/Ms Hc (Oe) 

SR 1 5.745 0.295 0.051 13.5 

SR 2 1.023 0.076 0.074 70 

SR 3 9.440 0.575 0.061 47 

SR 4 2.190 0.110 0.050 18.5 

SR 5 2.070 0.085 0.041 60.15 

SR 6 4.750 0.289 0.061 40 

SR 7 2.920 0.120 0.041 30 

SR 8 1.000 0.050 0.050 30 

SR 9 0.860 0.040 0.047 20 

SR 10 1.300 0.047 0.036 15 

SR 11 2.740 0.090 0.033 31 

SR 12 4.590 0.320 0.070 60 

SR 13 0.650 0.030 0.046 33.5 

SR 14 0.120 0.001 0.009 29.5 

SR 15 0.060 0.001 0.010 10 
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 Based on Table 5 the value of Mr/Ms presented is less than 0.05. According to [59-62], the value of 

Mr/Ms can be a factor for determining the magnetic domain of a sample. The results of Mr/Ms if the value 

is less than 0.5 can be entered into the multi-domain category, if the value is more than 0.5 it can be entered 

into the single-domain category. As seen in Table 5 all samples fall into the multi-domain category and in 

Figure 7 an overview of the multi-domains obtained from the plotting between the magnetic field values 

(H) and magnetic susceptibility values (dM/dH) is presented. 

 

Conclusions 

 The magnetic properties of the lower and middle Bengawan Solo are affected by the eruption of 

ancient Mount Lawu. Eruption material is sedimented on the bottom and in the Bengawan Solo environment 

with a confirmed magnetic susceptibility value of around 1,080.23×10−8 m3/Kg - 2,780.77×10−8 m3/Kg, the 

middle part is 74.40×10−8 m3/Kg - 1,735.90×10−8 m3/Kg, and downstream 17.57×10−8 m3/Kg - 

1,620.53×10−8 m3/Kg. From these results, there is a reduction in the magnetic value from downstream to 

upstream. Starting from the central part to the Upper Bengawan Solo, there is an eroding process caused 

by heavy water flow and imperfect sedimentation processes in the Bengawan Solo environment. Magnetic 

properties being ferromagnetic which can be seen clearly from the hysteresis curve formed. The curve that 

forms like the letter S (S-type) is the easiest to recognize. Assisted by the minerals contained, it is true that 

all samples are ferromagnetic. Mr/Ms value of less than 0.5 indicated of multi-domain. All samples have a 

magnetic susceptibility value that must be supported by metal oxide. Dominated by Fe-O, Si-O, and Al-O. 

So that the Bengawan Solo River is rich in minerals sourced from Iron oxide. X-Ray Diffractometer 

confirmed the minerals contained in the sample were Coesite, Magnetite, Cristobalite, Portlandite, Quartz, 

Anatase, Goethite, Tridymite, Gibsyte, Stishovite, Grasullaria, Labradorite and Wuestite. The minerals 

obtained indicate that Bengawan Solo is the result of an eruption from a volcano. 
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