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Abstract 

 Lusi River flows in the middle of Grobogan Regency with a length of 234 km and an area of 3,656.78 

km2. The warp river has many very diverse ends. One of them is the discovery of deer fossils estimated to 

be around 30,000 years ago and stored in the Pleistocene layer. There may be still many fossils stored in 

this layer that have never been studied. It is estimated that 80 % of fossils are incomplete because there are 

teeth attached to the fossils and the condition of the jaws is still neatly arranged. We get the magnetic 

susceptibility value around 1.3×10−8 - 37.8×10−8 m3/kg. Vibrating Sample Magnetometer confirm that value 

of magnetic saturation about 0.071 - 0.176 emu/gr, magnetic remanent about 0.0001 - 0.004 emu/gr, and 

magnetic coercivity around 10.969 - 115.278 Oe. X-Ray Diffractometer confirm the mineral is Calcite 

(CaCO3) and Quartz (SiO2). From the results we got, it can be confirmed that the fossils found at the bottom 

of the Lusi river have the same minerals and elements as environmental sediments. So, fossils can be said 

to have been sedimented over a long period of time in the Lusi River. 

Keywords: Lusi river, Sediment, Fossil, Morphology, Magnetic properties 

 

Introduction 

 Indonesia is a vast country and known for its quaternary geology with discoveries of human and 

vertebrate fossils, especially in Sulawesi, Sumatera, Flores and Java. In Sulawesi, founded the paintings in 

the cave about 2.588 million years ago [1], and tools used by ancient people on the island of Sulawesi 

[2].The discovery of painting in a cave is also found at the Moon Hill, Sumatera [3]. Furthermore, the 

majority of discovery sites also found by archaeologists in Java, such as in Central Java [4,6]. Particularly 

in the Kendeng Zone and Solo Basin, such as the Ngandong [7], Sabungmacan [8], Trinil [9], and Sangiran 

[10], also in the southern part of Central Java, such as the Punung area Figure 1. 

 One of the famous prehistoric site is Sangiran which part of Kendeng Zone [11,12]. This site was 

designated a UNESCO World Heritage Site in 1996 with number 593 [13], due to fossil discoveries and 

the discovery of Homo erectus fossil approximate 1.5 million-year-ago (Ma), which complement world 

discoveries. High-resolution footage of the Matuyama-Brunhes transition showing the date of Javanese 

Homo erectus in the Sangiran dome [9]. Furthermore, in the northern part of Central Java, there are 

prehistoric sites such as the Patiayam area [14-16], near the foot of Mount Muria. In this site was founded 

stone artifacts and Homo erectus fossils as well as the discovery of 9 species of fossil fauna by Van Es that 

similar to Trinil fauna (Kendeng Zone) [17]. Physiography of Java Island, the Patiayam Hills are located in 

the north of the Central Java Coast, to the south of the Lusi River Valley, which also north of the Bengawan 

Solo River and Sangiran. 

 Because of the Lusi River spans 3 regions, it is possible that contains information about ancient life 

which connects discoveries in the northern and southern regions of Central Java. This is supported by the 

discovery of vertebrate bone fossil fragments around Lusi  and the discovering human fossil fragments also 

ancient human tools, have thought lived during the Middle Pleistocene [18,19]. This indicated that Lusi 

River contains information about ancient life and have corelation between Sangiran-Bengawan Solo and 
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Patiayam. It is uncommon to come across archaeological researchers who are interested in paleomagnetism. 

Previous researchers investigated ancient life in terms of age, past life, culture, and items used. 

 We found a deer fossil in the Lusi River Basin that is in the form of a deer mandible. Because the jaw 

has teeth attached, the overall value is still around 70 - 80 %, and the jaw texture is still intact. In the fossil, 

there are rocks and mud that have undergone a sedimentation stage by river flow. There are fine scratches 

on the surface of the fossil that occurred due to the flow of the river at that time [20]. This flow resulted in 

an uneven distribution of rock patterns in the fossils. This is also evidenced by the presence of open 

outcrops. The outcrop contains soil of various characters. There are fine grains with a diameter between < 

1 mm and rocks with a diameter of 1 - 6 mm, which are unevenly distributed at the outcrop’s top, middle, 

and bottom outcrop shows the sedimentation process caused by the lusi river flow [21-23]. 

 Unconfirmed outcrops are believed to contain minerals [24-26]. One of the methods that can be used 

is paleomagnetism. Paleomagnetism is the study of the recording of the Earth’s magnetic field present in 

rocks, sediments, or archaeological materials [27,28]. Certain minerals in rock keep records of the direction 

and intensity of the magnetic field as it forms. These recordings provide information about the nature of 

the past. Much can be learned in the field of paleomagnetism one of them is mineralogy [29-31]. 

 Mineralogy is a branch of geology that studies minerals, both individually and in a unitary form, 

including studying their physical properties, chemical properties, how they exist, how they occur, and how 

they are used. The mineral is a homogeneous solid object found in nature, formed inorganically, with a 

chemical composition within certain limits, and has atoms arranged in an orderly man. This study only 

focused on soil mineralogy. 

 Soil mineralogy is the study of solid minerals in the form of flat-boundary crystals [32,33]. Minerals 

have specific data field properties. The primary topic of discussion in soil mineralogy is rock. Meanwhile, 

soil organic matter, particularly soil or sediments found in fossils and outcrops, is not discussed in soil 

mineralogy. In this case, the researcher wants to look into the minerals in the 2 samples using the same 

method. The researchers analyzed whether or not the 2 samples contained the same minerals. If they are 

identical, the fossil is indeed from the study area. If it is not same, more research is needed to determine 

where the fossil came from. To determine whether the lower jaw fossils of deer were buried directly by the 

surrounding material or carried to the sampling area by the warp river’s water flow. So, the purpose of this 

study is investigated of fossil we found it from mineral and magnetic compare with the outcrop on the 

surrounding environment. 

 

 Geological setting 

 Prehistoric sites in Java Island are close to another in Central Java. It was founded various types of 

fossils, with assumption the possibility for ancient human and fauna to travel or interact from the south 

(Sangiran) around Bengawan Solo River to the north (Patiayam) which around the Mount Muria in the 

Pleistocene, as shown in Figure 1. Several studies reveal how they interact and survive through rivers and 

hills.  

 

 

Figure 1 Prehistoric sites in Java on Pleistocene. 



Trends Sci. 2023; 20(11): 6879                      3 of 16 

  

 This study belongs to Lusi River as shown in Figure 2 which includes the Wirosari sub-district, 

Grobogan district, Central Java. This river has a length of 234 km, with a width about 3,656.78 km2. This 

river flows east to west between the Kudus, Pati and Rembang Hills to the north and the Kendeng Hills to 

the south [34,35]. The geographic area of the study area is shown in Figure 2-point C were, A: Muria 

Mountains Region; B: Demak Depression - Rembang Hills - Lasem Mountains; C: Lusi River Basin 

Region; D: Kendeng area in the south. The supply of eroded material from small rivers originating on the 

cliffs’ slopes influences the sedimentation of the Lusi River. 

 

 

 

Figure 2 Geomorphology area of research location and this research belongs to the Ngaringan area. 

 

 

 We use sample fossil of a deer (Cervidae) and 3 sediments sample from outcrops around sampling 

area. This position was taken because there are outcrops that allow for sampling and are very far from 

residential areas. This river runs through rice fields and corn plantations owned by locals. They rarely use 

the river because of dirty water with a brown color makes residents unable to use the water for their daily 

needs.  The river is divided into 2 sections: The side and the middle area. The side of the part of the river 

which has a distance of 5 - 10 m from the middle of the river is dominated by mud with a diameter of < 2 

mm. The bottom of the river is dominated by blackish ash-colored mud and rocks that have quite a variety 

of diameters in the range of 1 - 3 mm which are spread unevenly. On the side of the river, some outcrops 

can be divided into 3 categories: The upper, middle, and lower parts see Figure 3. 

 The upper part is dominated by humus soil which is brownish black due to the presence of very dense 

smallholder plantations and surrounding trees with few rocks with a diameter of 1 - 5 mm. The black color 

is caused by the black soil color means that it includes fertile soil because it is rich in nutrients. Decaying 

organic matter or humus makes the soil darker in color. In the center, there is brownish red soil, and alluvial 

and still filled with rocks with a diameter of about 1 - 7 mm. The color is because it contains iron minerals 

and organic materials [36], which are included in the medium category. The bottom is dominated by mud 

and clay which is dominated by rocks with a diameter of 1 - 7 mm. The uneven distribution of rocks occurs 

because of the flow of the river which causes uneven rock transportation [37-39]. This uneven 

transportation causes the movement of material from one place to another. 
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 Figure 3 (A) The outcrops that include 3 various sediments and (B) One point in the Lusi River. 

 

 Several previously identified zones that have direct contact with warp sites are in the Sangiran area. 

In the Sangiran area, it then experienced a uniform shift towards the Patiayam site before heading to the 

Lusi archaeological site area. At the Sangiran site there are 4 formations that became the basis for ancient 

living things to reproduce. Then forwarded to the Patiayam site which has a correlation in the outcrops 

found. Because some of the outcrops were found to have a positive connection. However, the Lusi site has 

not found a positive correlation in the outcrops found to identify the distribution of ancient living things 

because we did not find another outcrop. However, during the field study conducted, several types of fossils 

were found that still had the same characteristics as the Sangiran and Patiayam sites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Some sites of stratigraphy zone in central java, a) Sangiran zone [10], b) Patiayam zone [40], and 

c) Lusi zone.  
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 The upper part is dominated by humus soil which is brownish black due to the presence of very dense 

smallholder plantations and surrounding trees with few rocks with a diameter of 1 - 5 mm. The black color 

is caused by the black soil color means that it includes fertile soil because it is rich in nutrients. Decaying 

organic matter or humus makes the soil darker in color. In the center, there is brownish red soil, and alluvial 

and still filled with rocks with a diameter of about 1 - 7 mm. The color is because it contains iron minerals 

and organic materials which are included in the medium category. The bottom is dominated by mud and 

clay which is dominated by rocks with a diameter of 1 - 7 mm. The uneven distribution of rocks occurs 

because of the flow of the river which causes uneven rock transportation. This uneven transportation causes 

the movement of material from one place to another.  

 

Materials and methods 

 In this study, we used 2 types of samples. First sample is fossil’s sediments where deposition and 

hardening have occurred, and the second sample is pure sediments which still present in outcrops. The 

samples were brought to Sebelas Maret University to be prepared for various measurements. There are 8 

samples in this study; 1 of sediment attached and hardened to fossils, 4 of fossil points obtained by fine 

drilling, and 3 pure sediments obtained from the outcrop where the fossils were discovered. Four points on 

the fossil samples have been obtained in powder form. so that only 4 sediment samples require further 

preparation. First step is the sediment samples washed using distilled water with a ratio of 1:1 [41-43]. 

After washing for 4 h using hot platted with 500 rpm [44,45], an interval of every 1 h the distilled water is 

replaced to clean the impurities attached to the sediment. After washing the samples were dried using a 

Memmert oven at 100 °C for 7 h to remove the moisture content in the samples. 

 

   

Figure 5 (A) The sediment sample with code BA in the outcrop (riverside) and (B) Ball milling tools to 

grind a sample for becomes very fine (powder). 

 

 

 Figure 5(A) show the sample ready to be crushed into macro by using a hammer aiming to break the 

rock contained in the sample into small rocks that can be forwarded to the next stage. It looks blackish 

brown because of contains water and consists of rocks with a diameter of 1 - 5 mm. After divided into small 

rocks, inserted into a tool called ball milling for the micro-refining process according to Figure 5(B) which 

aims to make the coarse grains into a very fine powder as shown at Figure 6(A). 

 

 

    

Figure 6 (A) Powder samples and (B) The sieve tools for granule separation process. 
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 The powder sample were washed using hot plated 500 rpm distilled water in a ratio of 1:1 and heated 

using a Memmert oven at 100 °C and next carried out with filtering using tools in Figure 6(B). After 

filtered, obtained the fine powder and the samples ready to be tested. To knowing magnetism susceptibility 

used Bartington MS2B magnetic susceptibility system. This tool works on 2 frequencies, 470 and 4,700 Hz 

at a magnetic field of 80 A/m rms also can measure the susceptibility from 0.001×10−6 m3/Kg. Output of 

this measurements are mass-specific magnetic susceptibility at low frequency 𝜒𝑙𝑓 was termed, mass-

specific magnetic susceptibility at high frequency was termed 𝜒ℎ𝑓 and frequency dependent magnetic 

susceptibility 𝜒𝑓𝑑 was calculated. 

 

𝜒𝑓𝑑% =
𝜒𝑙𝑓−𝜒ℎ𝑓

𝜒𝑙𝑓
 × 100 

 

 Note: 𝜒𝑓𝑑% is susceptibility frequency dependent, 𝜒𝑙𝑓 is susceptibility low field (470 Hz) and 𝜒ℎ𝑓 is 

susceptibility high field (4,700 Hz). Next measurement is X-Ray Diffractometer (XRD) to see the mineral 

contained, Vibrating Sample Magnetometer (VSM) to obtain the hysteresis parameters of saturated 

magnetization (Ms), remanent magnetization (Mr), coercivity field (Hc), also remanent coercivity field 

(Hr), and using Scanning Electron Macroscopic equipped with Energy Dispersive X-Ray Spectroscopy 

(SEM-EDS) to see the morphology and elements contained in the sample. 

 

 

Table 1 Description of sample were taken in field. 

Code Coordinate Description 

AA 

111° 11' 23.28'' 

The sample is fine gravel sand measuring about 1 - 2 mm 

TA Mixture samples of fine sand and rock. The sample size is about 2 - 6 mm. 

BA 
The type of sample that most often occurs in direct contact with the surface of 

the Lusi River when there is an increase in river water discharge. 

SSFA 

111° 12' 52. 42'' 

There is a process of sedimentation or direct contact with river water 

continuously. Thus, resulting in a pile of sediment that is on the surface of the 

fossil 

T1 
The first point when taking samples using a small scraper to get fossil powder 

before further testing. 

T2 The second point before the next test is carried out 

T3 The third point before testing 

T4 The fourth point before testing. (All samples taken in the fossil from T1 - T4. 

 

 

 
(a)                                                (b)                                                      (c) 

Figure 7 Appearance of animal fossils obtained during field studies; a) Complete fossil shape, b) The size 

of the fossil, and c) Point drilling is carried out to obtain fossil powder before further testing is carried out.   
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Results and discussion 

 Magnetic susceptibility (MS2B) 

 Table 2 show the result of magnetic susceptibility using Bartington MS2B. The measurement was 

carried out 3 times on each sample until obtained the average of each sample, the Low Field test (𝜒𝑙𝑓) with 

range 16.2 - 1.2×10−8 m3/Kg and (𝜒ℎ𝑓) 15.6 – 1.2×10−8 m3/Kg.  
 

Table 2 Results of the mass-specific magnetic susceptibility measurements. 

Categories Code 
Magnetic susceptibility (×10−8 m3/Kg) 

𝝌𝒇𝒅% 
Low field (𝝌𝒍𝒇) 470 Hz Avg High field (𝝌𝒉𝒇) 4,700 Hz Avg 

Pure sediment 

AA 15.9 16.7 16.7 16.2 15.1 15.9 15.9 15.6 3.3 

TA 22.9 20.9 22.2 22.4 20.9 20.9 20.9 20.9 6.8 

BA 16.1 16.1 16.1 16.1 16.1 16.1 16.1 16.1 0 

Sediment on 

fossil 
SSFA 37.8 37.8 37.8 37.8 37.8 37.8 37.8 37.8 0 

Yellow river Sediment [46] 0.341 - 0.631 −0.204 - 0.865 

Fossil powder 

T1 1.5 1.2 1.1 1.3 1.5 1.2 1.2 1.3 0 

T2 1.4 1.3 1.2 1.2 1.4 1.1 1.2 1.2 0 

T3 1.5 1.2 1.1 1.3 1.4 1.2 1.3 1.3 0 

T4 1.3 1.2 1.2 1.2 1.3 1.2 1.2 1.2 0 

 

 From Table 2 it is divided into 3 categories of different sample types. The 3 categories of samples 

contain various magnetic materials. Magnetic material appears due to interactions with the surrounding 

environment. The first category of susceptibility value is in the sediment in the outcrop due to direct contact 

with the environment and has a strong contribution to the contribution of magnetic material. Various values 

15.9×10−8 - 22.9×10−8 m3/Kg. The second category, namely sediments in fossils, has a high susceptibility 

value.  

 This is due to the occurrence of a continuous sedimentation process during the deposition process. 

Then the discovery of sediment that has been attached directly to the surface of the fossil. Then the last 

category is fossils. Magnetic susceptibility value 37.8×10−8 m3/Kg. Compared with the magnetic 

susceptibility values obtained from Yellow River sediments, China. There are significantly different values. 

The content of magnetic elements in the Yellow River sediments is confirmed to be very low compared to 

the Lusi River sediments. So, the Lusi River contains a lot of magnetic elements, but is still classified as a 

low element content. 

 The third category is fossils. In this case what was found was a type of animal. The susceptibility 

values found in these fossils are categorized as weak or very small. Range between 1.3×10−8 - 1.5×10−8 

m3/Kg. Because the main constituents of fossils are Calcium and Carbon [47-49]. Calcium and Carbon are 

not included in the magnetic material, so that the measured susceptibility value is very small. Grouping of 

all samples is done using a scatter diagram Figure 8. 

 

 

Figure 8 Scatter diagram between low field magnetic susceptibility (Xlf) and frequency dependent 

susceptibility (Xfd%). Three different groups were obtained. 
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 In Figure 8 it is clear the grouping of all samples. The samples with the fossil category are grouped 

into one. However, the categories of sediments and sediments attached to fossils are separated due to factors 

caused by the contribution of magnetic materials such as Fe. 

 

 X-ray diffractometer (XRD) 

 To see the minerals contained in the sample, testing was carried out using an X-Ray Diffractometer 

(XRD). The results obtained can be seen in Figure 9. We analyzed the minerals contained in the samples 

with the help of the RRUFF database. 

 

 

Figure 9 Minerals are dominated by Calcite (CaCO3) R040070 and Quartz (SiO2) R050125. 

 

 

 The minerals found during the analysis of the XRD data were found to be dominant, namely Calcite 

and Quartz. The most dominant calcite mineral found in fossil samples because the fossil itself consists of 

the elements Carbon (C) and Calcium (Ca) as constituents of the mineral Calcite. Meanwhile, in the 

sediment samples, we used other minerals, namely quartz. Quartz is the easiest common mineral to find in 

nature [50]. Quartz is composed of the element Silica which bonds with oxygen, with compounds (SiO2). 

The nature of quartz itself is light and very easy to separate. 

 The chemical elements that form calcite crystals consist of calcium (Ca) and carbonate (CO3). The 

crystal system of calcite is hexagonal with rhombohedral cleavage, colorless and transparent. Calcite has a 

specific gravity of 2.7 with a hardness of 3. Calcite can be gained from fine to coarse and can form as 

stalactites, oolithic, or pisolitic. Pure calcite is generally white, whereas impure (due to substitution) is gray, 

red, green, yellow, or brown. The element Calcium (Ca) in calcite can be replaced by metal elements as 

impurities which in a certain weight percentage form other mineral. Based on the physical properties of the 

crystal system, calcite can be distinguished from aragonite (CaCO3). Compare with some study which be 

held; (1) The mineral from brantas river from Indonesia found dominated by magnetite (Fe3O4) [51]; (2) 

The study from Tallo tributary in Makasar City from Indonesia found that some mineral are Hematite (α-

Fe2O3), Ilmenite (FeTiO3), Goethite (α-FeOOH), Pyrrhotites (Fe1-xS), Jacobsite (MnFe2O4), and Chromite 

(FeCr2O4) [52]; (3) The study from Ganges-Brahmaputra-Meghna river in Bangladesh. They found 

dominated by Illite K0.65Al2.0 [Al0.65Si3.35O10] (OH)2 [53]. 

 

 Vibrating sample magnetometer (VSM) 

 VSM were carried out to see the magnetic properties in the sample. All samples are included in 

Diamagnetic properties. This property occurs because it does not contain a very strong magnetic material. 

So that the hysteresis curve that occurs does not change significantly in all samples. Can be seen in Figures 

10 and 11 confirm that the magnetic domain. 
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Figure 10 Hysteresis curve resulting from several samples. a) Samples with the Fossil Category, b) Sample 

category of pure sediments and sediments attached to fossils. 

 

 

 

Figure 11 Magnetic domain representative of the 3 types of sample categories obtained. 

 

 

 In determining the magnetic domain of a material, it can be seen from the curve obtained from the 

results of the plot between magnetic susceptibility and the magnetic field of a material. By using the 

equation 𝜒 = 𝑑𝑀/𝑑𝐻 we get the magnetic domain curve. Of all the tests performed, we only display a few 

curves that are representative of the 3 sample categories. We get from all samples that belong to the multi-

domain type. Based on the Mr/Ms value below 0.5, all of them show multi-domain results [54-57]. 

Magnetic remanent around 0.0001 - 0.004 emu/gr, while magnetic saturation around 0.071 - 0.176 emu/gr, 

and Magnetic Coercivity about 10.969 - 115.278 Oe. 
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Table 3 The value of Magnetic Remanent (Mr), Magnetic Saturation (Ms) dan Nilai Coercivity Field (Hc). 

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

AA 0.003 0.126 0.024 122.628 

TA 0.004 0.110 0.036 102.912 

BA 0.002 0.108 0.019 110.185 

SSFA 0.002 0.119 0.017 44.674 

T1 0.009 0.176 0.051 115.278 

T2 0.0002 0.071 0.003 46.089 

T3 0.0001 0.105 0.0009 10.969 

T4 0.0003 0.135 0.002 24.980 

[46]* Founded Ms ~ 0.9 M/Ms (Not mention of standard units) 

[51]* They declare it Ms 5 - 6 Am2Kg−1 

[58]* They found Ms 35.75 emu/gr 
*Another result from other area 

 

 Scanning electron microscope energy dispersion spectroscopy (SEM-EDS) 

 In determining the elements contained in the sample can use Energy dispersion spectroscopy (EDS) 

by showing the surface morphology of the sample. The results obtained can be seen in Figure 12 confirms 

the surface shape of the sediment samples. The average grain size is 1.23 μm. The morphology that is 

clearly visible is that it is a spherical shape that is not symmetrical. Has a sharp angle caused by the erosion 

process that occurs in the sample. Erosion which is possible due to the factor of flooding or heavy water 

currents that occur for a long time. On the surface of the sample visible fine grains indicating that the 

process of mineral formation is incomplete. So that the cavity is filled by other elements. Thus, it will affect 

the yield of minerals contained in the sample. In Table 4 it is divided into 3 observation points, namely 

point 1 to point 3. Each point produces a different element content. There is even an element that is only 

found at point 2 but is not found at points 1 and 3, namely the element Potassium (K). The element 

Potassium belongs to the alkane elements of the earth. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 Morphology of a) sediment code AA, b) Fossil code T4. 
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Table 4 a) Element content point 1, b) point 2, and c) point 3. 

Element symbol Element name Atomic conc. 

a 

C Carbon 21.358 

O Oxygen 38.413 

Al Aluminium 0.848 

Si Silicon 2.351 

Ca Calcium 31.556 

Fe Iron 5.275 

In Indium 0.199 

b 

C Carbon 11.829 

O Oxygen 33.160 

Al Aluminium 2.257 

Si Silicon 4.954 

K Potassium 1.038 

Ca Calcium 39.857 

Fe Iron 6.904 

c 

C Carbon 12.713 

O Oxygen 39.194 

Al Aluminium 1.415 

Si Silicon 3.300 

Ca Calcium 38.300 

Fe Iron 5.077 

[50]* Al, Ca, Si, K, Ti, and Fe 

[53]* As, Ba, Cd, Co, Cr, Cu, Hg, Mn, Mo, Ni, Pb, Sn, V, and Zn 
*Compare with another study 

 

 In Figure 13 is the morphology of the fossil sample with point 4. It looks very different compared to 

Figure 12. This is caused by different types of samples and different minerals contained in the samples. In 

Figure 12 there is a Quartz mineral which is very easy to find in the environment. Meanwhile, in Figure 

13 is a pure sample obtained from fossils. The most found mineral is Calcite (CaCO3) and there is no Quartz 

mineral in it. Fossil surface forms that have cavities and a rough texture. Coarse texture caused by sampling 

that is not smooth. So that the texture of the fossil is still carried over. The most dominant element is O. At 

3 points it produces different element concentrations. At point one the elements O, Mn and Ca predominate. 

The most abundant point found is carbon (C) with a concentration of 9.104 and 2.9 μm of average particle 

size. 

At the second and third test points the most dominant elements were O, Mn, and F but had different 

concentrations from each other. At the second point the concentration of Mn decreased, and the 

concentration of F increased from the second point to the third point. This means that the Mn element 

accumulates the most at the second point, while Carbon (C) accumulates the most at the first point. 

Elemental Fluorine (F) accumulates the most at point one. 
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 In the fossil samples, Fe was not found as a magnetic material contributor. So, it was confirmed that 

the results obtained in the Vibrating Sample Magnetometer test were correct. The curve obtained is almost 

straight. 

 

Table 5 a) Element content point 1, b) point 2, and c) point 3. 

Element symbol Element name Atomic conc. 

a 

C Carbon 9.104 

O Oxygen 63.596 

F Fluorine 2.349 

Si Silicon 0.159 

P Phosphorus 1.369 

Ca Calcium 18.428 

Mn Manganese 4.996 

b 

C Carbon 4.242 

O Oxygen 65.113 

F Fluorine 6.837 

Mg Magnesium 0.314 

Ca Calcium 1.907 

Mn Manganese 20.956 

Ba Barium 0.630 

c 

C Carbon 3.248 

O Oxygen 63.534 

F Fluorine 13.215 

Mg Magnesium 0.501 

Ca Calcium 1.399 

Mn Manganese 17.216 

Ba Barium 0.887 

[59]* They found P, S, Cl, K, Ca, Ti, Mn, Fe, Ni, Cu and Zn 

[60]* They declare S, P, Ca and Sr, Th, Y and Ce 

[61]* They declare found Zn, As, Pb, Mn 
*Compare with another study 
 

 

Conclusions 

 Identification of the morphology and magnetics present in sediment and fossil samples showed that 

the value of magnetic susceptibility or the value of the magnetic susceptibility of a material to receive an 

external magnetic field varied among the 3 sample categories obtained. The first type is pure sediment 

between 15.9×10−8 - 22.1×10−8 m3/Kg; the second type is the sediment on the surface of the fossil, namely 

37.8×10−8 m3/Kg; and the third type is pure fossil powder ranging from 1.3×10−8 - 1.5×10−8 m3/Kg. The 

results of magnetic susceptibility vary depending on the magnetic elements contained in the sample. It is 

proven that there are not many magnetic elements in the fossils or even the bones. Determination of 

magnetic minerals using X-Ray Diffractometer confirmed that Calcite (CaCO3) and Quartz (SiO2) 

predominate in the sample. Due to the predominance of non-magnetic minerals, the resulting hysteresis 
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curve is almost straight-line in shape. So, the magnetic properties of the sample are included in 

paramagnetic which will lead to diamagnetic properties. Thus, the morphology of the sediment is like an 

imperfect circle. This is due to the process of erosion by river water that lasts a long time and minerals that 

are not perfectly formed. The fossil samples on the surface are rough and stringy. Coarse fibers are 

characteristic of being formed from bones or fossils. So that the elements contained are also different from 

each other. In sediments the most dominant elements are C, O, Ca, Fe. There are still magnetic mineral 

elements, namely Fe, while the most dominant elemental fossil samples are C, O, Ca, Mn. There is no Fe 

element as a constituent of magnetic material in fossils. 
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