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Abstract

Ranu Klakah is a maar lake that is part of the Lamongan Monogenetic Volcanic Field (LMVF), East Java, Indonesia, which
has a closed hydrological system. This study aims to understand the characteristics of Ranu Klakah surface sediments
through rock magnetism and geochemical analyses. Tests were conducted on 16 sample points derived from surface
sediments in the lake and springs around the lake. The results of rock magnetism analysis in Ranu Klakah surface sedi-
ments showed the presence of magnetite and titanomagnetite minerals. This is supported by XRD (X-Ray Diffraction)
analysis, where the minerals magnetite, albite, and illite were found in sediments from inside the lake and springs around
the lake. From the combined results of these two methods, it was concluded that the surface sediments in Ranu Klakah
have pseudo-single-domain magnetite minerals type that originated from the weathering of rocks around the lake and
there has been no diagenesis of the surface sediments in the lake due to the absence of results showing mineral changes

in the samples tested.
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1. Introduction

Maars are a type of volcanic landscape formed from
phreatomagmatic eruptions, which are explosive events
triggered when magma interacts with shallow ground-
water. This process produces ash-rich and highly explo-
sive eruptions (Lorenz, 1986; Graettinger, 2018; and
Gurusinga et al., 2023). Clusters or fields of multiple
craters often contain maars, where eruptions occur in
close succession within a specific time frame (Lorenz,
1986; Volosin and Risso, 2019). This phenomenon
makes maar lakes important geological features to study,
particularly in relation to the evolution of local volcan-
ism and sediment formation processes.

One intriguing example of a maar lake is Ranu Klakah
(“Ranu” is the name for the lake in East Java, Ranu
Klakah has the same meaning as Lake Klakah), located
in the Lamongan Volcanic Complex, East Java, Indone-
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sia. The Lamongan Volcano is recognised as Indonesia’s
only monogenetic volcanic field, also known as Lamon-
gan Monogenetic Volcanic Field (LMVF). This region
formed through a series of small-scale volcanic activi-
ties with relatively short eruption periods, producing
scattered volcanic craters throughout the area (Gurus-
inga et al., 2023). This uniqueness makes Ranu Klakah
an important site for research, particularly for under-
standing the interactions between volcanic activity, sedi-
ment dynamics, and the influence of human activities on
the surrounding environment. Lake sediments are con-
sidered “natural archives” that record valuable informa-
tion about environmental conditions (Yunginger et al.,
2018; Suandayani et al., 2023; Fu et al., 2024; Tekin-
Ozan et al., 2024). Factors such as geological processes,
rock weathering, water cycles, volcanic activity, and an-
thropogenic influences are the primary determinants of
lake sediment composition (Wang et al., 2017; Asaah
et al., 2020; Tao et al., 2021; Sabatier et al., 2022).
This maar lake with a diameter of 675 metres, has a
closed hydrological system, with no river inflow into the
lake. The water source comes from several springs
around the lake, protecting it from external influences.
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This condition allows the surface sediments of the lake
to be attributed mainly to the weathering of surrounding
volcanic rocks (Fagel et al., 2024). The ecosystem of
Ranu Klakah is not only shaped by natural processes.
Human activities, such as the use of floating net cages
for fish farming and the presence of small food stalls
around the lake, also contribute to the dynamics of the
lake’s environment. The interaction between anthropo-
genic activities and natural processes is an important
factor that needs further study, especially regarding its
impact on water quality, mineral content, and sediment
ecosystems (Barut et al., 2018).

This study aims to assess the characteristics of surface
sediments in Ranu Klakah using rock magnetism and
geochemical methods. This research is important be-
cause the analysis of surface sediments using rock mag-
netism and geochemical methods in maar lakes is still
rarely done, especially in Indonesia. It aims to analyse
the influence of volcanic rock weathering and human ac-
tivities on the lake environment. We try to gain deeper
insight into how geological and anthropogenic factors
collectively influence environmental change, especially
in unique volcanic areas such as LMVEF, through this
study.

2. Materials and Methods

Administratively, Ranu Klakah is located in Luma-
jang Regency, East Java Province, Indonesia. This study
began with bathymetric measurements using a Garmin
Striker Plus 7SV APAC device, revealing that the lake
has a depth of up to 28 metres. Field activities were con-
ducted in July 2024. This was followed by sampling
Ranu Klakah’s surface sediments using a sediment grab-
ber deployed from a boat, as well as soil samples from
around the lake, obtained by exploring spring areas near
the lake. Twelve surface sediment samples from within
the lake and four soil samples from nearby springs were
collected (see Figure 1). To avoid reactions between ele-
ments or minerals with oxygen in the sediment, 10 mL
of HNO, is added to every 5 L of sediment (Siaka et al.,
1998). The surface sediment samples were sorted with a
325-mesh sieve (44 um diameter) to produce uniform
clay particles. The sieved samples were dried and then
prepared for magnetic analysis. Sample preparation and
magnetic parameter measurements were carried out ac-
cording to the method described in detail by Yunginger
et al. (2018). The dried samples were placed in cylindri-
cal plastic containers with a diameter of 2.5 ¢cm and
height of 2.2 cm (volume of 10 cm?®). Some samples
were extracted using a magnetic stirrer IKA Lab-Disc
3907500 to separate the magnetic minerals and selected
for testing the physical properties of magnetic minerals.

To obtain magnetisation parameters, rock magnetism
experiments conducted include the measurement of
magnetic susceptibility (y), hysteresis curve, isothermal
remanent magnetisation (IRM), and thermomagnetic

curves. Sixteen samples were tested for magnetic sus-
ceptibility, consisting of twelve surface sediment sam-
ples from the lake and four soil samples from springs
around the lake. This study employed a Bartington MS3
magnetic susceptibility system (Bartington Instruments
Ltd., Witney, UK) to determine the mass-specific mag-
netic susceptibility at low frequency (y, ) and high fre-
quency (y,.).- Measurements were conducted using a
dual-frequency MS2B sensor operating at 0.47 KHz for
low frequency (LF) and 4.7 KHz for high frequency
(HF). The frequency-dependent magnetic susceptibility
(xep70) Was calculated using the equation y, % = 100%
i p -~ %)%, (Dearing, 1994). The magnetic measure-
ments were performed at the Rock Physical Properties
Characterization and Modeling Laboratory, Faculty of
Mining and Petroleum Engineering (FTTM), Institut
Teknologi Bandung (ITB), Indonesia. The y, . parameter
is often used as a proxy indicator for the concentration of
magnetic minerals, primarily ferromagnetic phases such
as magnetite and hematite (Yunginger et al., 2018;
Fajar et al., 2022; Suandayani et al., 2023). We used
the Advanced Variable Field Translation Balance
(AVFTB) to test five extracted samples of surface sedi-
ment at CSIR-National Geophysical Research Institute
(CSIR-NGRI) in Hyderabad, India, for hysteresis loops,
IRM, and thermomagnetic (y-T curves). The magnetic
field applied to the test is up to 1 T and temperatures are
up to 700°C. We applied the HystLab software (Pater-
son et al., 2018), to correct the paramagnetic hysteresis
curves. From these curves, we derived hysteresis param-
eters, including coercivity (B,), remanent coercivity
(B,), saturation magnetisation (M), and saturation re-
manent magnetisation (M ). Using these parameters, we
constructed a Day plot from (Dunlop, 2002) to assess
the magnetic mineral domain states. Magnetic domains
play a critical role in shaping the coercivity spectrum of
individual minerals (Bijaksana et al., 2022).

All samples were subjected to geochemical analysis
using the Rigaku Supermini200 benchtop WDXRF
(wavelength dispersive X-ray fluorescence) spectrometer
system (Rigaku Corp., Tokyo, Japan), to identify the ma-
jor elements present in the sediment samples. Statistical
analyses were conducted in Origin 2023b, including
principal component analysis (PCA) calculations, and hi-
erarchical cluster analysis (HCA). The clusters were de-
termined by selecting an 80% similarity cut-off level in
the dendrogram. This threshold was chosen to provide
more detailed insight into the variables’ relationships, re-
sulting in three primary clusters. These statistical ap-
proaches were used to evaluate potential sources and re-
lationships among elements present in surface sediments
in the study area and to determine their sources. The suit-
ability of the numbers for PCA analysis was previously
thoroughly confirmed through Bartlett’s test of spherici-
ty, which helps to clarify whether the data set for the sub-
ject is suitable for analysis, or to check the assumption
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Figure 1. Map of research location at Ranu Klakah modified from Carn (2000) and Gurusinga et al. (2023).
Samples with an R code represent Ranu, which means the sample is inside the lake; the U and S codes represent that the
sample comes from the spring around the lake (U located in the north and S located in the south).

that the population variances in a correlation or covari-
ance matrix are equal (Noya et al., 2024; Topaldemir et
al., 2023; Yuksel et al., 2022). Additionally, mineralogi-
cal composition of sediment-extracted samples was ana-
lysed using a Rigaku Smartlab XRD (X-Ray Diffraction)
system (Rigaku Corp., Tokyo, Japan) with a Cu-K_ ra-
diation source (A\=1.54 A). The diffractometer operated at
40 kV and 30 mA with 26 angles varying from 15° to 65°
in continuous scanning mode. The diffracted beam was
measured using a K filter that effectively eliminates Kf3
interference and ensures that only higher-angle diffrac-
tion lines were used for subsequent peak analysis (Krish-
na et al., 2017). The XRF and XRD analyses were con-
ducted at the Hydrogeology and Hydrogeochemistry
Laboratory, FTTM, ITB.

3. Results
3.1. Magnetic Properties

The magnetic susceptibility () values of the 12 sur-
face sediment samples in Ranu Klakah show a range of
316.74 to 953.76 x 10-* m*kg, as illustrated on the dis-
tribution map of magnetic susceptibility (y) values in
Figure 2. The magnetic susceptibility (y) values were

larger in the area close to the spring (east side) and had
smaller values around the lake outlet (west side). There
is a direct correlation between ferromagnetic mineral
concentrations and magnetic susceptibility values; high-
er mineral concentrations result in greater susceptibility
values and vice versa.

Loop hysteresis is used to determine the magnetic
particle size of the sample. Hysteresis loop, IRM, and
thermomagnetic tests were conducted on three repre-
sentative samples representing each class of magnetic
susceptibility values. The samples consist of the highest
value (R13), medium value (R6), and lowest value
(R16), as well as two samples from springs around the
lake (U1 and U2), which had higher magnetic suscepti-
bility values among the three sample points from the
lake. The hysteresis curves show that all five samples are
well-saturated (see Figure 3a-e). All samples started to
saturate when the magnetic field was 440 mT and the
loops were completely closed at 800 mT. The smooth
and slender shape of the hysteresis loop indicates that
the magnetic minerals are dominated by pseudo-single-
domain (PSD) or particles with a combination of single
and multi-domain (SD + MD) (Fu et al., 2024).

The hysteresis curves, corrected for the paramagnetic
component, are then plotted using Day plots (see Figure
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Figure 2. Spatial distribution
of magnetic susceptibility
values of Ranu Klakah
surface sediments

4a) and Néel diagrams or squareness plots (see Figure
4b) to identify the domain nature of magnetic mineral.
In the Day plot, the hysteresis parameter displayed is the
ratio between M and M_ versus the ratio between B,
and B (Day et al 1977) The results showed that all
samples were falhng in the PSD area. To strengthen the
analysis of the domain state on the Day plot, an analysis
was also performed using the Néel plot (see Figure 4b),
where the hysteresis parameter displayed is M /M vs. B,
(Tauxe et al., 2002). The M /M _values on the Néel plot
show 0.15-0.2 and B, 10.8-15.6 mT, thus placing all sed-
iment samples in the boundary area for the uniaxial sin-
gle domain and superparamagnetic grains (USD+SP).
They are not exactly on the pure magnetite line (black
dashed line) nor the pure titanomagnetite line TM 60
(grey dashed line). This indicates the substitution of tita-
nium (Ti) to the magnetite mineral in the sample (Vigli-
otti et al., 2022). In all samples, the IRM curves reach
saturation when the applied field is between 300-400
mT, and from the backfield demagnetisation curves, the
B, value is approximately 40 mT (see Figure 5). This
suggests that all samples contain magnetite or titano-
magnetite minerals (Sudarningsih et al., 2017; Fu et
al., 2024; Venkateshwarlu and Satyakumar, 2024).
Thermomagnetic curves contain Curié temperature
(Te) information which is used to identify mineral types
because each mineral has a different Curié temperature.
All samples tested showed the same pattern of reversible
behaviour (see Figure 6a-e). Samples from both the lake
and the spring have similar Tc values, which are between

550°C and 580°C. From the thermomagnetic curve, the
mineral that has a Curié temperature in that range is
magnetite or titanomagnetite (Venkateshwarlu and
Satyakumar, 2024).

3.2. Geochemistry and Mineral Analysis

X-Ray Fluorescence (XRF) analysis was performed
to determine the composition and concentration of ele-
ments present in the sample. The two elements that had
the highest values were Si at 24.22 — 35.53 mass% and
Fe at 3.8 — 9.93 mass%. Heavy metal elements such as
Hg, Pb, Co, and Zn were not detected in the samples
tested. The elemental values are shown in Table 1. XRD
analysis aimed to show the presence of several types of
minerals in the samples. XRD analysis was carried out
on five extracted samples, similar to the five extracted-
samples used in the magnetic properties analysis. Repre-
sentative samples are shown in Figure 7a-b. Both the
samples contained minerals magnetite, albite, and illite.

4. Discussion

Klakah Lake has a closed system, where the lake does
not have a river as an inflow that enters the lake, but has
an outlet that exits (near the R6 sample point). Water
from inside the lake comes only from springs around the
lake, rain, and surface water. Therefore, the surface de-
posits in the lake come from the weathering of rocks that
occur around the lake, and the diagenesis process has not
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and blue lines indicate cooling curves a) sample R6; b) sample Ri3; ¢) sample Ri6; d) sample Us; e) sample Us.

occurred in the lake sediments. Figure 2 shows the mag-
netic susceptibility values in the lake vary, where the
highest values are on the east side (R13 and R10), me-
dium on the west side (R6—near outlet), and the lowest in
the centre of the lake (R-17). The sample point with the
highest value for surface sediment samples from the lake

was close to the spring source. The four soils originating
from the spring source had higher magnetic susceptibil-
ity values than all sediment samples from the lake. The
results of the hysteresis curve that has been corrected
paramagnetically and then plotted into the Day plot and
Néel Diagram (see Figure 4a-b), show that all samples
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Table 1. Results of XRF analysis (mass%)

Sampling Element (mass%)

point Na Mg Al Si P S Cl K Ca Ti Mn Fe Cu Sr
Ul 0.59 | 0.55 | 11.43 | 2576 | 0.21 | 0.34 | 0.02 | 0.70 | 0.61 | 0.75 | 0.07 | 7.97 | 0.02 | 0.05
U2 049 | 0.46 | 1223 | 2627 | 0.17 | 0.16 | 0.10 | 0.54 | 047 | 0.67 | 0.05 | 8.18 | 0.02 | 0.04
S1 0.55 | 0.60 | 12.33 | 2422 | 0.41 | 0.15 | 0.01 | 0.56 | 0.48 | 0.72 | 032 | 993 | 0.02 | 0.05
S2 0.52 | 0.43 | 12.12 | 2590 | 0.28 | 0.22 | 0.04 | 0.59 | 0.50 | 0.61 | 0.06 | 8.60 | 0.02 | 0.04
RS 0.15 | 0.24 | 6.67 |30.53 | 0.18 | 1.73 | 0.11 | 0.34 | 5.78 | 0.31 | 0.13 | 5.15 | 0.02 | 0.02
R6 0.16 | 0.19 | 5.02 | 3338 | 0.12 | 1.44 | 0.04 | 0.26 | 530 | 024 | 0.06 | 443 | ND | 0.02
R7 0.13 | 0.16 | 4.06 | 3548 | 0.13 | 147 | 0.10 | 0.31 | 402 | 0.21 | 0.03 | 3.81 | ND | 0.02
R9 026 | 0.19 | 551 |3343 | 0.12 | 1.56 | 0.06 | 0.30 | 422 | 029 | ND | 4.47 | 0.01 | 0.02
R10 032 | 036 | 7.46 | 3221 | 0.15 | 096 | 0.27 | 0.35 | 222 | 038 | 0.08 | 6.05 | 0.01 | 0.02
R11 0.19 | 022 | 454 | 3441 | 0.14 | 1.54 | 0.07 | 0.37 | 431 | 0.19 | 0.04 | 414 | 0.01 | 0.02
RI2 035 | 033 | 6.46 | 3268 | 0.13 | 1.35 | 0.04 | 032 | 298 | 038 | 0.05 | 546 | 0.01 | 0.02
R13 042 | 048 | 9.85 | 29.17 | 0.20 | 0.85 | 0.03 | 042 | 2.73 | 041 | 0.07 | 6.92 | 0.02 | 0.03
R14 0.17 | 023 | 494 |34.17 | 0.14 | 146 | 029 | 035 | 3.85 | 0.27 | 0.04 | 439 | 0.01 | 0.02
R15 024 | 027 | 5.07 |33.15| 0.15 | 1.94 | 0.32 | 0.28 | 395 | 0.25 | 0.03 | 480 | 0.01 | 0.02
R16 031 | 022 | 461 |3497 | 0.13 | 148 | 0.08 | 0.30 | 347 | 021 | 0.04 | 418 | ND | 0.01
R17 022 | 0.13 | 410 | 3553 | 0.13 | 1.52 | ND | 422 | 363 | 0.17 | 0.06 | 406 | 0.01 | 0.01
Max 0.59 | 0.60 |12.33 | 3553 | 041 | 194 | 032 | 422 | 578 | 0.75 | 0.32 | 993 | 0.02 | 0.05
Ave 032 | 032 | 728 |31.33 | 0.17 | 1.14 | 0.11 | 0.64 | 3.03 | 0.38 | 0.07 | 578 | 0.02 | 0.03
Min 0.13 | 0.13 | 406 |2422 | 0.12 | 0.15 | 0.0l | 0.26 | 0.47 | 0.17 | 0.03 | 3.81 | 0.01 | 0.01

Note: ND means Not Detectable

have uniform magnetic mineral content and domains.
This applies to samples from lakes and springs. The re-
sults of the IRM analysis and thermomagnetic curves
also show that the minerals contained in all samples are
magnetite and titanomagnetite. In the cooling curve, the
magnetic value does not exactly return to the point be-
fore heating (especially for sample Ul—Figure 6d). This
is because the heating process of the sample was carried
out at room temperature, which allowed the sample to
oxidise and reduce its magnetic properties, but this was
not a significant problem. From the results of the hyster-
esis curve, IRM, and thermomagnetic curve, similar re-
sults were obtained for all samples tested, indicating that
the variation in magnetic susceptibility values only var-
ies with the amount of mineral, not the type of mineral.
This is confirmed by previous research by Tamuntuan
(2010) at Lake Bedali and Lake Lading (lakes adjacent
to Lake Klakah), both have a pseudo-single-domain
magnetite mineral type, originating from the surround-
ing crater.

The XRF results were then subjected to HCA and
PCA, which are used to determine the source of elements
contained in sediment (Noya et.al., 2024). HCA dis-
played on the dendrogram shows the relationship be-
tween chemical elements in Ranu Klakah sediments
based on their similarity (see Figure 8). This analysis

identified several clusters of elements with different dis-
tribution patterns and geochemical origins. Na, Mg, Al,
Fe, Ti, and Sr formed one cluster with a high degree of
similarity, indicating the dominance of primary volcanic
materials, such as plagioclase and pyroxene (Vogel et al.,
2017). The minerals identified through XRD analysis
show the content of elements belonging to this cluster.
Clusters of Si, S, Ca, Cl, and K indicate the influence of
chemical weathering or lake-water interaction with vol-
canic materials. P, Mn, and Cu are separated into differ-
ent clusters. P and Mn reflect organic matter contribu-
tions, which may be related to fish farm activities (Store-
bakken et al., 1998; Kaushik et al., 2004; Varol, 2019),
and derived from pesticides in agricultural activities for
Cu (Panagos et al., 2018). The interconnected presence
of Cl and S indicated possible traces of hydrothermal ac-
tivity. Overall, this cluster pattern reveals the combined
influence of volcanic geological factors and human ac-
tivities in shaping the sediment composition of Ranu
Klakah. The clusters in this dendrogram can be a refer-
ence in separating which elements are sourced from vol-
canic geology, such as Fe, Mg, and Ti, and those caused
by human activities, such as P and Mn.

PCA (see Figure 9a-b) revealed three principal com-
ponents with eigenvalues greater than 1, which account-
ed for 93.22% of the total variance. Therefore, the com-
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Figure 7. XRD measurement results for study at Ranu Klakah: a) R6 (representative sample from lake - near outlet);
b) U2 (representative sample from spring).
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ponent plot in rotated space shows that the elements in
the sediment specimen are related to three different
sources. Factor 1 (77.67%) is lithogenic or geological
for Cl, Si, S, and Ca, factor 2 (10.05%) is lithological
and anthropogenic for Na, Mg, Al, K, Ti, Fe, Cu, and Sr,
and factor 3 (5.48%) is anthropogenic for Mn and P. The
elements from factor 1 (Cl, Si, S, and Ca) are closely
related to natural geological processes, such as weather-
ing of volcanic rocks, sediment transport, and mineral
deposition, reflecting the strong influence of the mono-
genetic volcanic environment in which the lake is locat-
ed. The dominance of Cl, Si, S, and Ca indicates that the
sediments were mainly derived from volcanic ash, tuff,
and weathering of Si and Ca-rich volcanic rocks. Al-
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Figure 8. Dendrogram of HCA of surface sediment of Ranu
Klakah with 80% similarity cut-off level

though lake water activities may slightly influence the
presence of Cl, the main contribution of this element still
comes from lithogenic sources. Thus, the sediments in
Ranu Klakah largely reflect geological material from lo-
cal volcanic activity.

The second factor influencing sediments in Ranu
Klakah is a combination of lithology and anthropogenic
activities, characterised by the presence of major ele-
ments Na, Mg, Al, K, Ti, Fe, Cu, and Sr. These elements
reflect the influence of minerals from volcanic rocks,
such as feldspar, mica, and iron-titanium minerals (ti-
tanomagnetite), indicating lithological contributions
through erosion and weathering of host rocks around the
lake. In addition, Cu and Sr are important indicators of
human activity (anthropogenic), where Cu may origi-
nate from lake waste, fish feed, or pesticide use, while Sr
is associated with phosphate-containing fish feed resi-
dues, commonly used as a nutrient source for fish
growth. The elements Na and Cu also show the influence
of fish farming activities around the lake. Thus, Ranu
Klakah sediments are influenced by the interaction be-
tween local lithological processes and surrounding hu-
man activities.

The third factor affecting sediments in Ranu Klakah is
anthropogenic activity, characterised by the major ele-
ments Mn and P. Mn is likely to come from lake activi-
ties, such as fish feed waste, and can indicate redox (re-
duction-oxidation) processes under anoxic conditions at
the bottom of the lake. P is a strong indicator of anthro-
pogenic influence, especially from phosphate-rich fish
feed or fertiliser runoff from surrounding areas (Dunne
et al., 2021). A high P content also has the potential to
trigger eutrophication, which is an increase in water fer-
tility that leads to excessive algae growth. Thus, Mn and
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Figure 9. PCA plot of surface sediment of Ranu Klakah. a) scree plot of the characteristic roots (eigenvalues)
and b) component plot in rotated space.
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P reflect the direct impact of fish farm activities on sedi-
ment content in Ranu Klakah.

The XRD results of the two samples show the same
mineral content, consisting of magnetite, albite, and il-
lite. The presence of albite and illite minerals in the sam-
ples (see Figure 7a-b) reflects the influence of weath-
ered volcanic material transported into the lake or the
result of hydrothermal interaction between water and
volcanic material at the bottom of the lake or surround-
ing area. Albite is a sodium-rich plagioclase feldspar that
often forms through magmatic crystallisation or hydro-
thermal alteration in volcanic environments, so its pres-
ence is natural as Ranu Klakah is a maar lake that may
have undergone chemical alteration in its environment
(Azer et al., 2019; Sun et al., 2020; Guo et al., 2021).
In addition, the presence of illite minerals also indicates
hydrothermal activity that can trigger the formation of
illite through interactions between volcanic host rocks
and water-containing ions, especially potassium (K).
The presence of illite in maar lake sediments suggests
that the source of the sedimentary material is most likely
from volcanic rocks around the lake, which underwent
chemical changes before or during transport to the lake
(Bozkaya et al., 2016; Rodriguez-Salgado et al., 2021;
Benson et al., 2023). All identified minerals are com-
mon in volcanic environments (Celik et al., 1999).

5. Conclusions

In this study, it was concluded that the surface sedi-
ments in Ranu Klakah have a pseudo-single-domain
magnetite mineral type, originating from the weathering
of rocks transported from the surrounding area into the
lake. Through rock magnetism and geochemical analy-
ses, the minerals contained in the samples tend to be uni-
form, both those from the spring and those in the lake
(even those close to the outlet). The variation in mag-
netic susceptibility values is due to differences in the
concentration of magnetic minerals within the sediment
rather than their type. So, it can be concluded that the
diagenesis process has not occurred in Ranu Klakah sed-
iments. Based on HCA and PCA analysis, anthropogenic
factors have no significant contribution to the elemental
content in Ranu Klakah.
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SAZETAK

Magnetizam stijena i geokemijske analize povrsinskih sedimenata kraterskoga jezera:
studija slucaja Ranu Klakah, Isto¢na Java, Indonezija

Ranu Klakah kratersko je jezero koje je dio monogenetskoga vulkanskog polja Lamongan (LMVF), Isto¢na Java, Indone-
zija, koje ima zatvoreni hidroloski sustav. Cilj je ove studije ustanoviti karakteristike povr$inskih sedimenata u Ranu
Klakahu kori$tenjem magnetizma stijena i geokemijskih analiza. Ispitivanja su provedena na 16 uzoraka povrsinskih
sedimenata u jezeru i iz izvora oko jezera. Rezultati analize magnetizma stijena u povrsinskim sedimentima Ranu Kla-
kaha pokazali su prisutnost minerala magnetita i titanomagnetita. Navedeni rezultati potvrdeni su rendgenskom difrak-
cijom na prahu (XRD analiza), gdje je zabiljezena pojava magnetita, albita i ilita u promatranim sedimentima. Koriste-
njem rezultata obiju metoda zakljuceno je da povrsinski sedimenti u Ranu Klakahu imaju pseudojednodomenske ma-
gnetitne minerale koji su nastali kao posljedica troSenja stijena oko jezera te da nije dolazilo do dijageneze povr$inskih
sedimenata u jezeru, $to se pretpostavlja zbog nedostatka rezultata koji mogu upudivati na mineralne promjene u testi-
ranim uzorcima.

Kljucne rijeci:
kratersko jezero, monogenetsko vulkansko polje Lamongan, magnetizam stijena, geokemijske znacajke, Isto¢na Java
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