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The eruption of Mount Semeru at the end of 2021 was responsible for
emitting volcanic ash with specific characteristics. These unique mineralogy
and chemical properties have both positive and negative effects on soil
fertility, as excessive heavy metals adversely affect soil, plants, and the
environment. Therefore, this study aimed to determine the distribution of
volcanic ash cover from the eruption of Mount Semeru and investigate
elemental composition as well as mineral characteristics of volcanic ash and
soil covered by volcanic ash. The investigation was carried out in Supiturang
village, Pronojiwo District, Lumajang, East Java, Indonesia. Sampling was
carried out following the toposequence method, covering agricultural land
within approximately + 15 km from Mount Semeru. Pure volcanic ash was
collected at sites not contaminated with soil. At the site location, it was found
that the depth of volcanic ash cover ranged from “thin™ (<2 cm) to “very
thick™ (=10 cm). The results of SEM and XRD analyses showed that of the
pure volcanic ash contained quartz (50%), rock fragments (15%), plagioclase
(12%), homblende (10%), opaque (8%), and pyroxene (5%) minerals. The
results of XRF analysis showed that the dominant elements in volcanic ash
and soil were silica (Si), aluminum (Al), calcium (Ca), iron (Fe), and
potassium (K). Several non-essential heavy metal elements found were Pb,
Sn, and As, while rare minerals discovered were Y, Nb, Eu, and Yb at
relatively low concentrations. The SEM analysis showed the structure of
volcanic ash dominated by prismatic and blocky.

To cite this article: Setiawati, T.C., Nurcholis, M., Basuki, Budiman, S.A. and Yudiantoro, D.F. 2024. Elemental composition
and mineralogical characteristics of volcanic ash and soil affected by the eruption of Mount Semeru, East Java. Journal of
Degraded and Mining Lands Management 11(3):0000-0000, doi: 10.15243/jdmlm.2024.113.0000.

Introduction

Mount Semeru is an Indonesian volcano that

dust, and ash, accumulating on the peaks, slopes,
foothills, and the surrounding area. The eruption from
December 2021 to early 2022 resulted in a thick layer

experiences multiple eruptions, similar to other
regions such as Merapi, Sinabung, Kelud, and Agung.
The eruption of Mount Semeru in December 2021 was
significantly large, with lasting effects on the
surrounding population, the environment, and the land.
Volcanic eruptions emit material such as lava, sand,

of volcanic ash covering several affected locations,
including the Curah Kobokan, Supiturang village, and
others. The ground surface in areas of volcanic
eruption is generally covered by pyroclastic flows,
Tephra (volcanic ash), and lava (Saputra et al., 2022).
The eruption is considered detrimental, leading to the
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death of the surrounding vegetation and damage to
agricultural land. Volcanic ash potentially causes
severe disturbances in the infrastructure and human
health (Barsotti et al., 2010), physically affecting the
clogging intake structures, increasing turbidity,
acidification, fluoride contamination, and other
contaminants. The major leachate components are
sulfate, Cl, Na, Ca, Mg, F, and minor leachate
including Mn, Zn, Ba, Se, Br, B, Al, Si, Cd, Pb, As,
Cu, Fe (Stewart et al., 2006). Furthermore, these
negative impacts depend on several parameters,
namely thickness, duration, and level of ash fall, as
well as the grain size, chemical compounds, surface
chemistry, and moisture content (Jones and BéruBeé,
2011).

Volcanic materials play a crucial role in the
rejuvenation  process, positively affecting the
agricultural aspects by enhancing soil fertility over
time. These materials ejected from volcanoes
rejuvenate soil and provide nutrient reserves,
improving soil quality and crop yields (Minami et al.,
2016). Some studies have investigated the effects of
volcanic eruptions on soil microorganisms. The
microbial activity is stimulated after wvolcanic
eruptions, and the microbes have a substantial capacity
to respond to volcanic disturbances (Berenstecher et
al., 2017). With the thickness of the volcanic deposit,
the phosphate-solubilizing bacteria (PSB) population
and organic C dropped. Organic C levels were lower
in the impacted than in the unaffected areas; low levels
were detected at =20 cm, which can be attributed to
organic materials that had accumulated in the topsoil
prior to the volcanic eruption and were subsequently
covered by volcanic deposits. Organic carbon
thickness and distance from the crater had a significant
impact on its ability to decrease the PSB population.
The population of bacteria varied between 10° and 10°
CFU g'. P solubilization activity was shown by the
isolated bacteria (Ustiatik et al., 2023). Apart from
affecting soil microorganisms, volcanic ash affects the
physical and chemical properties of soil. Simanjuntak
et al. (2015) reported that two years after the eruption

of Mount Sinabung, there was a significant increase in
cation exchange capacity (24.88 cmol kg'). total N
(0.20%), and Ca (3.81 cmol kg'"). Meanwhile, Fiantis
et al. (2010) recorded a cation exchange capacity of
21.34 cmol kg, while unaffected soil was around
17.27 emol kg'!, four years after the eruption. (Lubis et
al., 2021) stated that 10 years after the eruption of
Mount Sinabung in Sumatra, there was an increase in
pH (H:0), base cations, cation exchange capacity, and
soil organic C. Several studies have indicated that
volcanic eruptions disperse volcanic ash, covering
arcas up to several kilometers from the center of the
eruption (Nurfiani and Bouvet de Maisonneuve, 2018;
Cahyadi et al., 2024). Generally, volcanic ash consists
of material originating from volcanism in the form of
eruption comprising rock fragments, minerals, and
volcanic glass, with particles measuring less than 2
mm (0.079 inch) in diameter. The term volcanic ash is
often used to refer to all explosive fallout products
(Tephra), including particles larger than 2 mm.
Characteristics of volcanic ash are influenced by
minerals originating from magma, which show several
dominant elements, including SiO,, ALO:, CaO,
Fe:0s, MgO, K,0, and NaxO (Siddique, 2011). The
mineralogical composition of these minerals depends
on eruption conditions and magma configuration,
which are often present in varying proportions, with
additional oxides occasionally found in lower
quantities. Wasis et al. (2017) stated that the chemical
content in weight % of Mount Semeru eruption dust
particles taken at a distance of 10 km from the peak is
dominated by non-gas elements. These include carbon
(40.393%), silicon (7.044%), aluminum (3.578%),
calcium (2.237%), iron (3.047%), and magnesium
(0.338%), while the main gas elements that make up
the sampled dust particles is oxygen (41.865%). Latif
et al. (2016) reported that the use of SEM-EDS test
obtamed Si content of the three types at Merapi,
Sinabung, and Kelud, ranging from 45-60%, while
elements of Al range 14-20%. Furthermore, various
XRF results from volcanic ash from several volcanic
eruptions in Indonesia are presented in Table 1.

Table 1. Oxide composition of the different volcanic ashes from the previous study.

Eruption Elements (Oxides) References
Si0z  AROs  CaO  MgO Fex0: Na:0 K0 TiO: MnO
Talang 57.61 16.16 479 1.88 5.39 2.51 1.84 0.67 0.08 Fiantis et al.
(2010)
Merapi 5253 1869 R96  2.89 9.17 371 210 145 022 Wahyuni et al.
(2012); Anda and
56.39 1934 7.32 1.44 7.15 392 210 0.65 0.6 Suparto (2016)
Sinabung 58.10 1830 292 295 7.09 170 0.12  0.71 0.16 Fiantis et al.
(FeO) (2010)

Land management after the eruption of Mount Kelud
volcano in 2014, with different cultivation patterns,
has been researched by Saputra et al. (2022), showing
Post-eruption volcanic ash thickness varied between
land-use systems and was influenced by the plot's

slope position rather than canopy cover. The average
soil texture and porosity did not vary significantly
between the periods. Initially, surface volcanic ash and
soil layers had low aggregate stability and limited soil
infiltration, demonstrating hydrophobicity. While
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organic C slowly increased from low levels in the fresh
volcanic ash, the surface litter layer, aggregate
stability, and soil infiltration quickly
recovered. Different land use management resulted in
different recovery trajectories of soil physical
properties and function over the medium to long term
after volcanic ash deposition.

The presence of volcanic ash with negative and
positive effects from volcanic eruption needs to be
investigated  for  environmental — management,
particularly soil. Therefore, this study aimed to
determine the distribution of volcanic ash cover from
the eruption of Mount Semeru and characterize its
elemental and mineralogical compositions.

Materials and Methods
Preparation of maps

The preparation of a map illustrating the distribution
of volcanic ash cover was carried out in several stages.

Field survey and data collection

The survey was carried out following the procedures
from previous studies to delimit the study area and
determine observation points as well as sample
collection. Surveys and sampling were based on (1) the
presence of pure volcanic ash, (2) soil covered by
volcanic ash, and (3) soil not covered by volcanic ash.
Subsequently, the locations of affected arcas were
determined administratively, with Supiturang Village
consisting of 31 locations and an additional 5 points I

in Sumberwuluh Village, as shown in Figure 1. The
two villages are in the Pronojiwo District, Lumajang
Regency, astronomically located between 112.92-
113.01 East Longitude and 8.11-8.20 South Latitude.

Determining points for observing the depth of
volcanic ash

The determination process was carried out using the
grid sampling method on a representative basis with
the Global Positioning System (GPS) tool to determine
coordinate points. The number of points to be taken
was adjusted to the survey level, characterized by
moderate intensity with an output map scale of
1:75,000. The density of observations was set at one
sample representing 25-50 ha (Wahyunto et al., 2016).

Interpolation

In preparing maps of areas affected by volcanic ash,
interpolation was carried out to estimate aerial points
not represented by sample points. In this study.
interpolation used the menu provided by ArcToolbox
in ArcGIS software, which can create a distribution
from the results of several observation data points. The
interpolation method used was the Inverse Distance
Weighted (IDW) method, where two parameters were
varied with an optionally variable search radius. This
adaptability ensures that the radius changes according
to the sample distribution, effectively covering the
number of samples used for interpolation. Analysis of
the thickness distribution of volcanic ash and other
materials was carried out after the eruption in 2022,

Figure 1. Research location and point for observation of the volcanic ash depth.
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Sampling and characterization analysis of volcanic
ash and soil mineralogical and chemical properties

The sampling of volcanic ash and soil was carried out
on agricultural land, with the furthest distance being
+ 9-15 km from the peak of Mount Semeru. Pure
volcanic ash was collected at a location that was not
contaminated with soil. On agricultural land, soil
samples were taken at a depth of 0-20 and 20-40 ¢cm
with sugar cane vegetation cover for unaffected soil
(12-21 em). The specific coordinates were S 08° 10
11.60" and E 113° 00" 19.66", taken approximately
+ 9-12 kim from the peak of Mount Semeru.
Meanwhile, uncovered soil was taken at a location
15-16 km away with coordinates S 08" 09' 15.80" and
E 113° 01' 26.97", with fairly dense pine vegetation
and headers covering each other. Pure volcanic ash
was collected from ash stuck to walls covered with
roof tiles, ensuring it remained uncontaminated with
soil or water at a distance of £ 9-12 km from the peak
of Mount Semeru. Subsequently, volcanic ash sample
preparation for analysis was ground to a size of
+ 140 mesh.

Analysis of volcanic ash and soil

Mineral composition analysis of bulk samples and the
clay fraction was carried out using the Smartlab
version of X-ray diffraction (XRD) at the UPNVY
Petroleum  Engineering Laboratory, with the
interpretation of mineral types based on the Handbook
of Mineralogy (Anthony et al, 2001). The clay
fraction was separated by making a suspension of the
sample, and NaOH was added to increase the pH of the
suspension to 10. This was followed by pipetting,
which was carried out after leaving it for 3 hours and
30 minutes using the principle of Stokes' law. The
sample collected was washed to remove ash covering
the mineral crystals and filtered with cloth. Material
that did not pass through the filter was identified using
a polarizing microscope and connected to a computer
to observe the mineral properties and grain size. The
UPNVY  Geological Engineering  Laboratory
microscopically analyzed mineral types using a Meiji
Techno brand polarization microscope.

Mineral types were determined based on color,
crystal shape, degree of roundness, and size. Elements
content/composition analysis using X-ray
fluorescence (XRF) Epsilon 4 brand EDXRF Unit with
Rh-tube was carried out at the Yogyakarta Radiation
Laboratory (Chemical Testing Sub-Laboratory).
Topographic and morphological analysis tests as well
as element identification in volcanic ash and soil using
the pointing or mapping method. This analysis was
facilitated using FESEM Thermo Scientific Quattro S
completed with EDS Detector, WetSTEM, Heating,
and Tensile Stage, which were carried out at the
Cibinong Advanced Characterization Laboratory
(ILAB) Cibinong Bogor. The particle size distribution
of fresh volcanic ash was determined using the pipette
method. Silt and clay fractions were measured after
sedimentation according to Stokes' law. Subsequently,

the sand fraction was separated into fine (50-200 m),
medium (200-500 m), and coarse (500-2,000 m) using
the wet sieving method. Calculation of chemical index
weathering included "Product of Weathering Index"
and "base loss values," each of which was calculated
based on the equation:

Product of Weathering =
Index [PWI]
Base loss value =

[Si02/(TiO2 + Fe20s +
Si0; +ALO5)] = 100
[ALO:/(CaO + MgO +
K;0)] x 100

Results and Discussion
Map of distribution of volcanic ash cover

The volcanic activity of Mount Semeru occurmred in
Lumajang Regency, East Java, between December
2021 and January 2022. During this period, the
volcano produced volcanic ash, which was formed
when gases dissolved in magma expanded and escaped
suddenly into the atmosphere. Other products included
pyroclastic  flows, large lahars, incandescent
landslides, and eruptions, causing buried land and
significant damage. The force of the gases destroyed
the magma and pushed it into the atmosphere, resulting
in the solidification of fragments of volcanic rock and
volcanic glass.

A map illustrating the distribution of volcanic
ash covering agricultural areas was generated through
biophysical observations, showing the depth on the
land surface, as presented in Figure 2. Following the
conditions and initial survey, volcanic ash and soil
sampling were carried out in the affected area. The
cover ranged from 2 cm to 21 cm on some vegetation
at a distance of 11-13 km from the center of the
eruption. Based on the mapping results, land area data
with a thickness of between 2 cm and 12 cm covered
32.23% of the area, while 12 em-21 c¢m covered
25.82%, namely 356.80 ha. The total area of land
mapped to determine the impact of volcanic ash on
land cover was 1381.59 ha, influencing the physical,
chemical, and biological properties of soil, as
presented in Figure 3. According to Rudianto et al.
(2017), the rate of soil infiltration decreased as
thickness increased, where 8-14 ¢m resulted in a very
slow rate at 0.45-0.57 mm hour' while 4 cm at
2.94 mm hour', and uncovered soil recorded
4.89 mm hour.

Elements composition of velcanic ash and soil

The major components found in both volcanic ash and
soil included silica (Si), aluminum (Al), and iron (Fe).
Concentrations of K and Ca cations were higher in
volcanic ash than in soil (Table 2). This phenomenon
occurred because the addition of volcanic ash resolved
the defect of K and Ca cations in the soil. Meanwhile,
Mg, Fe, and Mn concentrations were high in soil, as
most of the elements in volcanic ash show
corresponding amounts to those originating in soil.

Open Access

1004

@ @ @ CC BY-NC 4.0 | Attribution-NonCommercial 4.0 International




T.C. Setiawati et al. / Journal of Degraded and Mining Lands Management 1 1(3):0000-0000 (2024)

Based on its silica content, sandstone resulting from
volcanic eruption was grouped into acid volcanic rock

al. (2002), the silica content can be divided into five
groups, namely rhyolite (100-70%), dacite (70-62%).

(Si0; content >65%), medium (35-65%), and alkaline
(<35%) (Lee et al., 2012). According to Le Maitre et

andesite (62-58%), basaltic andesitic (58-53.5%), and
basalt (53.5-45%).

Legend
- River
Depth of volcanic ash
C Jo5cm

B s10cm

P 1015 cm

L |1520cm o
[ ]2025cm ..

(d) (e)
Figure 3. The thickness of volcanic ash in the field at a radius of 9-15 km: (a) thickness 0-5 cm, (b) thickness
5-10 cm, (c) thickness 10-15 cm, (d) thickness 15-20 cm, and (e) thickness 20-25 cm from the ground surface.
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Figure 4. The five dominant elemental compositions of volcanic ash and soil.
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Figure 5. The concentration of micro-nutrients in volcanic ash and soil.
1,400 -
1,200 4

1,000

800 4

600 A

400 A

Concentration (ppm)

St V. Ga As Rb Y Zr Nb Sn Te Ba Eu Yb Pb Br
m Volcanic Ash (VA)  mSoil coveredby VA mSoil

Figure 6. The concentration of non-essential elements and rare elements in volcanic ash and soil.
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Table 2. Elemental compositions of volcanic ash and
soil (XRF analysis).

Element Concentration (%)
Voleanic Soil covered Soil
Ash (VA) by VA
Si 17.52 13.54 15.18
Al 5.79 5.31 5.16
Fe 7.75 11.12 10.56
Ca 8.60 3.93 6.33
K 1.27 1.25 1.09
Mn 0.173 0.241 0.216
Mg 0.113 0.114 0.114

XRF analysis of volcanic ash showed that the
concentration of silicate was the most considerable
element, ranging from 18.00% to 37.48% in the form
of silicate oxide (Si0:). According to the SiO- content,
volcanic ash obtained from the eruption of Mount

Semeru 2021 is classified as "moderate volcanic" (Lee
et al., 2012) and "basalt" (Le Maitre et al., 2002), as
supported by the discovery of extrusive basalt and
andesite igneous rocks on the slopes (Figure 7). Apart
from Si, elements Ca, Fe, and Al were also found in
relatively high concentrations of 8.60%, 7.75%, and
5.79%, respectively. The exact composition was
obtained from the eruption of Mount Bromo and
Raung in 2015, indicating that Fe, Si, Ca, and Al were
the dominant elements. Quantitatively, Fe was the
most dominant in these two volcanoes, namely 35.40%
(Mount Bromo) and 43.00% (Mount Raung). The
other elements found were Ba, Cr, Cu, Mn, P, Ni, Zn,
Sb, Sr, and V with minor concentrations (Wardoyo et
al., 2020). Apart from the essential nutrient elements
such as K, Mg, Cu, Mn, Zn, Fe, S, and Cl, several
heavy metals were also found in Mount Semeru,
including Pb, Rb, and Ba, as well as rare elements,
namely Nb, Y, Eu, etc. (Figure 6).

Figure 7. Rocks on the slopes of Mount Semeru after the eruption.

High levels of Si, Al, and Fe in volcanic material have
a very detrimental impact on plant growth and plant
health. According to previous investigations, volcanic
material cannot contribute nutrients to plants because
it has not passed through complete weathering. Based
on Chemical Weathering Index calculations, the
Product of Weathering Index (PWT) value of volcanic
ash is relatively high, namely 62.09. This value
indicates that weathering has just occurred, while for
land covered or uncovered by velcanic ash, the PWI
value is 51.53 and 55.58, respectively. The PWI value
indicates the movement of less mobile elements such
as Si, Al, Fe, and Ti in the weathering of ash deposits.
Moreover, a higher PWI value corresponds to fresher
weathering, and a lower value indicates a longer
weathering process. The loss of the base nutrients K,
Ca, and Mg, which are mobile to Al (base loss) in
volcanic ash (0.799), is lower than in seil, namely
1.391. This indicates the presence of unreleased K, Ca,
and Mg elements within the volcanic ash.

Mineragraphic description of volcanic ash

The mineragraphic analysis indicated that the fine
loose sand samples were characterized by brownish

grains, measuring 0.1-0.6 mm, with the composition of
40% heavy minerals and 60% fine volcanic ash of
<0.1 mm. This fine sand showed that the grains or
fragments were subrounded-angular in shape.
Furthermore, the samples were composed of quartz
minerals, rock fragments, plagioclase, hornblende,
opaque minerals (hematite, magnetite), and pyroxene,
as illustrated in Table 4 and Figure 8. Generally,
volcanic ash 1s formed when gases dissolved in magma
escape mto the atmosphere and experience sudden
expansion and release, with sizes <0.1 mm becoming
dominant  (60%). Those measuring between
0.1-0.6 mm constituted fine sand grains with a content
of 40%. The influence of this gas can cause changes in
the magma and explosion into the atmosphere, thereby
leading to solidification into volcanic rock fragments
and volcanic glass.

Minerals covered and mixed with soil over six
months showed changes in composition, as illustrated
in Table 3. In uncovered soil, the percentage of rock
fragments was the highest compared to other minerals,
comprising up to 40% and 10% in volcanic ash. These
fragments have characteristics of black color, sub-
rounded-angular shape, and measure 0.1-0.6 mm.
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Table 3. Mineral composition of Mount Semeru volcanic ash, soil covered by volcanic ash, and soil.

Amount (%)*

Mineral Characteristics VA Soil covered Soil
by VA

Quartz milky white, sub-rounded-angular in shape, 0.1-0.6 mm in size, 15 15 15
and up to a few <0.1 mm (F3)

Rock fragments  black, sub-rounded-angular in shape and measuring 0.1-0.6 mm 10 12 40
(H8)

Plagioclase translucent white, short prismatic, tabular, sub-rounded- b 10 10
angular, and measuring 0.1-0.6 mm (D8).

Hornblende black, long prismatic shape, sub-rounded-angular, and 3 3 0
measuring 0.1-0.6 mm (D1).

Mineral opaque  black, metallic luster (magnetite), and some reddish/oxidized 2 2 8
(hematite), sub rounded-angular in shape and measuring 0.1-0.6
mm (A4).

Pyroxene Green, short prismatic, tabular, sub-rounded-angular, and 2 3 2
measuring 0.1-0.6 mm (ES).

Volcanic fine fine volcanic ash measuring <0.1 mm 60 55 25

material
Total 100 100 100

* VA = volcanic ash.

A. Voleanic Ash (VA B. Soil covered by VA C. Soil

(b) Upper beam
0

Scale 1 mm

Figure 8. Results of mineral analysis using a polarizing microscope on volcanic ash, soil covered by volcanic
ash, and soil.
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Meanwhile, only 25% of the fine volcanic material
measuring <0.1 mm in soil is not covered due to
weathering  processes, erosion, leaching, and
infiltration due to rainfall. Hornblende is a member of
the amphibole mineral group that weathers relatively
quickly in the Bowen series. As presented in Table 3,
homblende was not found in soil (0%), but 3% was still
identified in volcanic ash and soil covered by ash. The
results of sand fraction distribution analysis (Figure 9)
showed that volcanic ash was dominated by the "fine
fraction" (0.25-0.10 mm) at 56.01% and the "very fine

fraction" (0.10-0.05 mm) at 31.74%. Similarly, in
covered or uncovered soil, the fine sand fraction was
also dominant, but the percentage was less than 40%,
indicating a higher distribution. This phenomenon
occurred due to environmental conditions after the
eruption, as rainfall carried the fine fractions in the soil
to the location and the layers below, resulting in a
reduced percentage of "fine" and "very fine" fractions.
The results of the sand fraction distribution analysis
were consistent with the outcomes of the microscopic
mineral analysis, as presented in Table 3.

u Soil covered by VA

fs vis

Total

Soil

Figure 9. Sand fraction distribution analysis.

120% 4

= 100% -

2 80% -
=
b=

o 60% A
p
Z

5 40%
=
4

B 20% A

0% -

ves (%] ms
m Volcanic Ash (VA)
SEM-analysis

SEM (scanning electron microscopy) is a method used
to determine the structure and surface morphology of
thin-layer volcanic ash materials. This method enables
the visualization of the surface momphology of
crystalline structures. The results of observations
conducted using SEM with 1,000x magnification
showed that the structure of the erupted volcanic ash
was in the form of prismatic and angular blocks
(Figure 10a) of various sizes with a dominant size of
40pm-44pm, similar to the microscopic analysis
(Table 3 and Figure 8A). In terms of texture, it showed
few cavities or vesicles, indicating a relatively small
amount of gas was trapped in ash during the
crystallization process (Figure 10b). The texture of
Mount Semeru volcanic ash differs from the eruption
of the Merapi volcano in 2010, as well as Sinabung and
Kelud volcanoes in 2014 (Latif et al., 2016). The SEM
results on the three regions showed several hollow
textures, indicating the presence of gas trapped during
the magma-freezing process. In this study, volcanic
material showed a sponge structure attached to the
surface of the block with rounded to elongated shapes
of various sizes (Figure 10c), as identified by (Latif et
al., 2016). Figure 10d shows the results of Energy
Dispersion Spectroscopy (EDS) at specific points on
the sample from SEM analysis. In this analysis, X-rays
are also emitted from the surface of the sample,
carrying specific energy signatures for each element

found in the sample. Subsequently, X-rays with
various wavelengths are read by the EDS detector.
Elements detected with the composition of the most
significant percentages include O 45.5%, Si 32%, Al
8.2%. C 3.4%, Fe 3.1%. K 2.9%. Na 2.6%. Ca 2.1%,
and Mg 0.3%. The composition of these elements
shows a pattern as an oxide, with oxygen accounting
for 45.5%, which is equivalent to the presence and
percentage of elements Si, Al, and Fe. The difference
between the analysis results using XRF (Table 2) and
EDS (Figure 10) is caused by variation in the samples
read. XRF analysis determines elemental composition
and percentage in the bulk sample, while EDS focuses
on specific spot samples. However, based on the
results, both analyses provide similar percentage
distribution patterns.

XRD analysis

The results of mineral analysis of bulk samples using
XRD for Mount Semeru volcanic ash showed that the
most dominant composition was Ca-feldspar (3.234)
42.05%, cristobalite (4.04A) 10.82%, magnetite
(2.518) 10.68%, hornblende (3.134) 10.63%,
pyroxene (2.884) 10.40%, epidote (2.958) 7.60%,
quartz (3.36A) 4.86%. and pyrite was also found
(1.614) 2.96%. Ca-feldspar was identified as the most
dominant mineral through XRD analysis, accounting
for 42.05%. Based on the results of element content
analysis using XRF, the Ca content was 8.6%.
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Figure 10. Volcanic ash graph.

The feldspar mineral identified using XRD with a peak
of 3.23A and a microscope was plagioclase,
specifically Ca-feldspar (CaAl;Si;0g). This mineral
can be classified as anorthite (CaAl;S1:0g), which is a
type of plagioclase feldspar. The anorthite
(CaAl:Si;05), together with albite (NaAlSi;Os), and
K-feldspar  (microcline,  sanidine, orthoclase;
KAISi;Og) as the main feldspar minerals are abundant
in various geological environments. Feldspars
constitute approximately 50-60% of the total volume
of the Earth's crust (Pakhomova et al., 2020),
predominantly dominant by plagioclase, as part of the
anorthite-albite series. XRD reading results of quartz
(Si02) at 3.36A and cristobalite (Si0Q;) at 4.04A
showed that quartz added with cristobalite was
14.18%. This was similar to the 15% obtained using a

microscope, where material with a very fine size (0.1
mm) with a percentage of 60% was not detected.
XRD analysis showed the presence of Si0; silica
minerals at peaks 4.04A (cristobalite) and 3.36A
(quartz). Cristobalite was found at 10.82% and quartz
at 4.86%. Generally, this mineral was found in small
volcanic ash grains (<0.1 mm in diameter). However,
these minerals were not detected using a microscope
(Table 3). Cristobalite is the silica polymorph of prime
concern as it may crystallize, postextrusion, in
volcanic lava domes, filling cracks and vesicles, so that
it becomes a major mineral phase (up to 12 wt.%).
Horwell et al. (2010) found that the cristobalite content
in voleanic ash at Chaitén volcano (Chile-Argentina)
was, on average, 2% after the eruption and increased 3
months later after the dome was formed to 16%, and
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quartz was found of 0.6-2.3 w%. The combination
analysis of XRD and XRF can provide matching
mineral types and quantification, but a thorough
identification process is required (Hupp and Donovan,
2018). However, this analysis is challenging for
samples that occur in nature, such as volcanic ash in
this study. The type of mineral identified is based on
the peak pattern characterized by minerals found and
published in the Handbook of Mineralogy (Anthony et
al., 2001). In this study, the composition of magnetite
(Fe*'Fe’*20.) found was approximately 10.68%,
potentially serving as a source of mining material for
the extraction of metallic minerals. Volcanic sand
material on the Kulon Progo beach in Yogyakarta,
originating from Merapi volcanic material, contains
iron (Fe), titanium (T1), vanadium (V), cerium (Ce),
chrome (Cr), arsenic (As) (Nurcholis and Mulyanto,
2017). Semeru volcanic material can also flow to

900 -
800

Concentration (ppm)

lower locations, becoming metal minerals and rare
earth elements (REE) with various concentrations
(Figure 11), including yttrium (Y), zirconium (Zr),
niobium (Nb), ewopium (Eu), tellurium (Te) and
ytterbium (Yb). Some elements found in volcanic ash
and soil after the eruption of Mount Semeru have been
identified as material from Mount Merapi (Nurcholis
and Mulyanto, 2017). Heavy metal and rare earth
elements in volcanic materials are bonds with metal
oxides, often referred to as impurities. Moreover, the
adsorption of oxyanion such as As, Sb, and Cr,
including Pb, Cd, Cu, Ni, and Zn metal on iron
minerals, can occur through various processes, namely
co-precipitation, adsorption, or phase transformation
(Jiang et al., 2020; Shi et al., 2021).

The results on the presence of various types of
heavy metal and rare earth elements (REE) are
presented in Figure 11.

b L ak

Volcanic Ash (VA)

Y m/r mNb

Soil covered by VA

Soil

Eu mYb mTe

Figure 11. The concentration of rare earth elements (REE) in volcanic ash and soil.

XRD analysis identified pyroxene with a peak of
2.88A (Figure 10), indicating a semi-quantitative
concentration of 10.40%. Pyroxene mineral with the
chemical formula (Ca, Na) (Mg, Fe, Al) (Si, Al)2Os is
a single-chain tetrahedral mineral group. In the
formation and stability series compiled by brown,
these minerals are classified as discontinuous series.
Generally, pyroxene mineral is formed due to the
magma crystallization process at high temperatures
and is characterized by a single tetrahedral chain
crystal structure, leading to high susceptibility to
weathering. A negative charge is formed with
isomorphic substitution, particularly for elements Si in
tetrahedral formed by Al This negative charge can be
occupied by cations, which are quickly released into
the solution phase during weathering. These elements
become available for plant roots, making volcanic ash
a valuable source of material that can be used as a
mineral to provide nutrients. As a weatherable mineral,

pyroxene serves as a rapid nutrient source in soil. The
hornblende mineral with XRD readings at the peak of
3.13A has a content of 10.63%. This mineral has a
chemical formula Cax(Mg, Fe, Al)s(Al, S1)502:(OH):
and is included in the amphibole group mineral with a
double chain tetrahedral arrangement. Although
hornblende can also provide nutrients, it has higher
stability and slower weathering rates due to the double-
chain tetrahedral form. These differences in properties
show that minerals in volcanic ash can act as reserves
of elements available for a relatively long time.
Furthermore, quartz Si02 mineral with a peak of 3.36A
and epidote mineral Cax(Fe*', AD(Si0:):(OH) at
2.95A were identified as minor minerals in volcanic
ash material, consisting of semi-quantitatively
percentages of 4.86% and 2.95%, respectively. The
mineral pyrite (FeS;) was found in volcanic ash
studied with a peak of 1.614 of 2.91%, as presented in
Figure 12. As an iron sulfide mineral, pyrite can form
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in an environment characterized by a reduction
reaction and is commonly found in materials such as
volcanic ash. Moreover, volcanic ash from the
eruption of Japan's Ontake volcano in 20 14 showed the
presence of pyrite minerals in relatively large
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quantities in coarse and medium-sized volcanic ash
(Minami et al., 2016). Mineralogical analysis using a
microscope can identify various minerals such as
quartz, rock fragments, plagioclase, hornblende,
opaque minerals, pyroxene, and volcanic fine material.

2.88 A Pyroxene
-2.51 A Magnetite

213A
1,83 A Quartz

179A
161 A Pyrite

1 s 47 41 a a a7 a9

Figure 12. X-ray diffraction pattern of volcanic ash samples from Mount Semeru.
Note: red font indicates the main peak as a determinant of the type of mineral identified.

Based on the results of microscopic analysis, the
minerals identified were pyroxene, plagioclase, and
hornblende. XRD analysis also showed pyroxene,
hornblende, and feldspar (plagioclase feldspar).
According to the Bowen reaction series, the mineral
composition was "intermediate”, and the rock type was
"diorite."

Conclusion

In conclusion, this study showed that the distribution
of volcanic ash cover ranged from “thin” (<2 e¢m) to
“very thick™ (=12 e¢m), comprising 32.23% of the arca,
while 12 cm-21 ¢m covered 25.82%. The microscopic
and XRD analysis of pure volcanic ash contained

quartz minerals (50%), rock fragments (15%),
plagioclase (12%), hornblende (10%), opaque
minerals (8%), and pyroxene (5%). Elemental

composition properties of volcanic ash and soil based
on XRF analysis obtained several dominating
elements, namely silica (Si), aluminum (Al), calcium
(Ca), iron (Fe), and potassium (K). Non-essential
heavy metal elements that were found included Pb, Sn,
and As, while rare minerals were Y, Nb, Eu, and Yb,
with low concentrations.
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