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Abstract

Nowadays, the development of infrastructure has caused an increase in the need for cement. To detesmine the suitability of the raw
materials used in cement production, an assessment must be carried out on the quality anMineralogieal and Geochemical Clay
Analysis for Portland Cement Quality Distribution: A Study Case From Ajibarang District, Central,Java, Indonesiad suitability of the
cement raw materials. This research was conducted in Halang Formation of the Tipar Kidul area“and around Banyumas Regency,
Central Java. The methods used are X-ray fluorescence (XRF) and scanning electron microscopy (SEM). Data from XRF analysis
generally shows SiOz values from 26.83% to 57.75%, Al203 values from 11.18% to 20:28%, and Ee203 values from 3.21% to 8.76%.
Judging from the aluminum index (Al) content, the ideal cement raw materials ape twi@ samples with a proportion of 3.17% to 3.22%.
The results of SEM analysis show that there are illite, calcite, quartz and smectité'mineralsdn the claystone research area. Based on
data, almost 75% of the claystone survey area was found to be suitable as agtaw material for cement. This research has a positive
impact on the characterization of limestone as a raw material for cement bygutilizing geochemical analysis and electron microscopy to
achieve a more comprehensive understanding of the evaluation of limestone quality.

Keywords: Claystone XRF, SEM, Cement.

1. Introduction H20 = water, Al = aluminum ion, O = oxygen, and SiO:z =
silicate (Welton, 2020).

Based on the classification of the suitability of
claystone quality as a cement raw material according to
(PT. Sinar Tambang Arthalestari, 2023) cement raw
material standards. The maximum percentage of Al,03
composition at Sinar Tambang Arthalestasi is 25%, the
minimum percentage of SiOz is 52%, and the maximum
percentage of Fez03 is 15%. The alumina index ranges
from 3.16% to 3.44%.

According to Wilkins (2014), claystones can be
grouped based on the relative size and thickness of clay
minerals in general. This type of clay mineral consists of
montmorillonite, which is 3 nm thick and 100 nm to
1000 nm in diameter (Welton, 2020). Illite and chlorite
are 30 nm thick and 10,000 nm in diameter. Kaolinite is
thicker than 50 nm to 2000 nm and has a diameter of
300 nm to 4000 nm (Welton, 2020).

The rapid expansion of infrastructuredin Indonesia
has increased the need for construction rawdgmaterials,
especially cement (Marin et al., 20229, Claystoneis one of
the main raw materials for cement, along with’limestone,
which is made from hydrated aluminum  silicate
(Pettijohn, 1975). Evaluating the quality and suitability
of clay is crucial as it plays aysignificant role in the
formation of clinker within the cement industry.

In analyzing thequality40f claystone as a raw
material for cementpit iStnegessary to correlate the type
of claystone mineral and the compound content in the
claystone to determine which claystone is the best as a
raw material for'cement. Claystone quality control can be
determified bysanalyzing its compounds using the X-ray
fluorescence [(XRF) technique (Gifford et al, 2020;
Goldstein _et™al, 2018) and the mineral content of
claystone/can be determined using the scanning electron
micréscopy (SEM) analysis method (A. Gibran et al, 3. Metodology
2022). The research was conducted in the mining area of
PT. Sinar Tambang Arthalestari, Tipar Kidul, and its
surroundings, Banyumas Regency, Central Java.

Two analyses were used when conducting claystone
quality studies in the study area. We carried out
geochemical analysis with X-ray fluorescence (XRF)
2. Literature Review (Gifford et al, 2020) and mineral type analysis with
scanning electron microscopy (SEM) (Gibran et al,
2020). In carrying out the analysis, 18 samples were
used for geochemical analysis and 3 samples for the
analysis of claystone mineral types.

Claystone is a rock composed of hydrated aluminum
silicate and is classified as a fine-grained sedimentary
rock with the general formula 2H20AL2032Si02, where
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We carried out the sampling using the grab sampling
method. Grab sampling is a random sampling method
that involves taking parts of a material without special
selection. Sampling uses this method to obtain samples
that represent the specific quality conditions of the
sample at the time of collection. Sampling is
synchronized with the laws of stratigraphy, namely
representing rock areas from oldest to youngest rocks.

The geochemical analysis is related to the standard
content of compounds suitable for use as raw materials
combined with the Al value, based on the standards
applied at company (PT. Sinar Tambang Arthalestari,
2023) for portland cement. The Al value is obtained by
calculation (1), as follows:

Compound Si0O, %

Al'= Compound Al,03% (1)

Then, looking at the different types of minerals can
help with the quality data that is already known about
claystone. This can help figure out what kind of claystone
is the best for Portland cement raw materials based on
the minerals that are found in the research area.

The results of the geochemical analysis and types of
minerals will later produce information on the quality
and types of claystone minerals as raw materials for
portland cement in the research area, which are
represented in the claystone quality zoning map and
tables along with relationship curves for each compound
sorted from old-young samples.

4. Analysis Results

The claystone research area is the Halang Formation,
which consists of interbedded claystone and sandstone.
The determination of deposited environmental facies i
based on several parameters, such as lithologi
characteristics and mineral composition, diment

structure, and grain size variations ( e

parameters were stepwise analysis fro sis
and facies association to estimate this
unit was deposited (A. K. Gibran & 2020; Sun,

2014).
4.1 Stratigraphy of The Rese rea

, This research is
ive area of Ajibarang
e research area covers
ipal Kidur, Karangbawang,
casan, Kracak, and Ajibarang

Based on the index
carried out in thega
District, Central Java
six villages, inc
Dharmakeradena

Kulon, and tl ershed (DAS) is the Tajum River.
Two of t illagesyincluded in the claystone survey
area areKaran ang and Tipal Kidul Villages.

kerto-Tegal sheet's regional geological
maps, (Djuri, 1996) are combined with the existing
ima ta, it is known that the geology of the research
four (4) geomorphological units (Brahmantyo &
ndono, 2006), namely the Kracak Syncline Valley Unit,
the Tipar Kidul Fault Structure Denudation Plain Unit,
the Cilanglung Homocline Ridge Unit, and the
Karangbawang Homocline Ridge Unit. The four units are
controlled by trellis river flow patterns with subsequent
and obsequent river genetics (Fig. 2).

The stratigraphy of old to young layers in the
geological survey area (Figs. 4 and 5) is composed of
interbedded claystone-sandstone units of the Halang
Formation (Tmph), with sedimentary structures such as
parallel laminated, wavy laminated, cross laminated, and
convoluted structures (Zerlinda & Aditama, 2021).

Petrographic analysis shows that this unit contains lithic
wacke sandstone and mudstone (Purwasatriya et al,
2021). Next, the Tapak Formation Limestone Unit (Tptl)
is dominated by calcarenite limestone (Purwasatriya et
al., 2021). Petrographic analysis reveals that there are
three types of limestone, namely wackestone, packstone,
and grainstone (Rohmana & Achmad, 2019). The next
unit is the Interbedded Sandstone-Claystone Unit in the
Tapak Formation (Tpt), whose sedimentary structure is
parallel lamination (Rohmana & Achmad, 2019).
Petrographic analysis shows that this unit contains
lithicwacke sandstone and graywacke of claystone (Afftin

& Susilo, 2019). !
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Fig 2. Geomorphological Map of the Research Area

Based on microfossil analysis data, it is known that
the age of deposition starts from the Late Miocene to the

Pliocene, with inner, middle, and outer neritic
depositional environments (Gibran et al, 2022;
[snaniawardhani, 2017). Deposition began in the
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interbedded claystone-sandstone unit of the Miocene
Halang Formation (Tmph), with a turbidite flow
mechanism in a middle neritic environment
(Purwasatriya et al, 2021). Furthermore, the Tapak
Formation Limestone Unit (Tptl) deposited continuously
in the outer neritic environment during the Pliocene.
Followed by the deposition of the interbedded
sandstone-claystone unit of the Tapak Formation (Tpt)
(Astuti et al, 2019). The limestone unit of the Tapak
Formation (Tptl) is also present in the deposit. This is
possible due to changes in sea level over a certain period
of time (Astuti et al,, 2017). The structure of the finger is
determined based on the area and continuity of this unit

and the results of the proportional reconstruction of the
lithofacies (Amin & Susilo, 2019; Rizkianto et al., 2023).
The deposition of these units was accompanied by
volcanic activity, as evidenced by the discovery of
primary minerals confirmed by petrographic analysis,
such as biotite, plagioclase, and opaque.

At the end of the Pliocene, regional forces triggered
tectonic activity (Adhari & Hidayat, 2023; Kurniasih et
al, 2023; Safira et al, 2023). At this time, the Kracak
syncline fold was formed with a relatively west-east
direction, which was deformed in a relatively north-
south direction by the Tipar Kidul strike-slip fault.
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Fig. 3. (a) Geological Map of the Research Area; (b) XRF Sample Distribution Map; (c) Claystone Feasibility Quality Map
Base on PT. Sinar Tambang Arthalestari Clasification; (d) Clay Quality Map Based on Compound Content Base on PT.
Sinar Tambang Arthalestari Clasification
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el. 1 XRF analysis result
Geochemical
Lithology Index Classification
(PT. Sinar Fe,0 M N Alumina N
N Sample Tambang 203 e32 Ca0 Og K20 («’;lz SO3 lAdI Classification (S'l?é' 31303‘
(o) Code Arthalestari ) (%) (%) (%) (In .ex PT. Sinar o zs 3
Classificat (%) (%) (%) Alumina) Tambang P bln.a\r
Arthalestari A amoang .
rthalestari
1 KB 10-01 14,84 4,61 2497 | 296 | 0,41 | 0,44 | 0,05 2,40 Low
11,18 | 3,43 | 3147 | 1,46 | 027 | 0,35 | 0,04 2,40 Low
16,57 3,21 2293 | 1,82 | 0,73 | 0,39 | 0,06 2,47 Low
Clay 54,46 | 19,52 6,95 3,37 | 212 - - - 2,79 Low Feasible
Clay 55,77 | 17,57 6,6 4,65 | 2,61 - - - 3,17 Good Feasible
Clay 54,15 | 18,37 | 8,47 | 4,78 | 358 - - - 2,95 Low Feasible
Clay 53,76 | 18,84 | 6,48 | 4,49 | 2,23 - - - 2,85 Low Feasible
TC 01-02 Clay 57,75 | 17,94 | 685 | 3,74 | 217 - - - 3,22 Feasible
TK 15-02 Clay | 4853 | 11,57 | 853 | 6,05 | 253 | 042 | 0,17 | 0,04 4,19 Feasible
10 | TCo2w-02 Clay 52,49 | 18,24 8,48 4,13 3,41 - - - 2,88 Low Feasible
11 TC 04-03 Clay 54,61 | 19,03 | 876 | 2,66 3,1 - - - 2,87 Low Feasible
12 TC 02-03 Clay 53,06 | 18,68 | 5,78 506 | 151 - - - 2,84 Low Feasible
13 TC01-03 Clay 54,54 | 20,23 | 6,68 | 291 | 2,27 - - - 2,70 Low Feasible
14 TC 03-03 Clay 52 16,61 | 7,56 | 812 | 3,7 - - - 3,13 Low Feasible
15 TK 08-01 Clay 42 15,1 4,79 22,72 | 3,17 | 0,31 | 0,09 | 1,37 2,78 Low
16 | TC03W-03 Sandy | 5042 | 16,34 | 7,88 | 9,95 | 4,18 - - - 3,09 Low
17 TC 02-04 Clay 5354 | 18,68 | 8,72 | 3,06 | 3,54 - - - 2,87 Low Feasible
18 TC01-04 Clay 56,85 | 18,07 7,3 1,86 | 227 - - - 3,15 Low Feasible
Rumus Al (Alumina Indeks) = SiO2 : A1203, Klasifikasi Al Perusahaan : 3.16%-3.44%
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Tabel 2 Geochemical analysis of claystone quality for portland cement.

Lithology Si02 (%) Al203 (%) Fe203 (%) CaO (%) MgO (%) | K20 (%) Na20 SO3 ( Alumiﬁa\l Index)
NO SAMPLE (PT. Sinar Tambang
'| CODE Avrthalestari
Classification)
0 35 700 125 25|0 75 15/0 175 35/0 225 450 04 080 025050 08 1.6/0 2.25 4.5
1 | KB10-01 | Sandy Carbonate Clay
2 KB 09-02 | Sandy Carbonate Clay < Q C ) ( K' < \ [
3 KB 09-03 Clay
4 TC 05-01 Clay
5 TC 03-01 Clay
6 TC 02-01 Clay
7 TC 05-02 Clay
8 | TC01-02 Clay S ! !
9 | TK15-02 Clay q />
10 |TC 02wW-02 Clay
11 | TC04-03 Clay
12 | TC02-03 Clay
13 | TC01-03 Clay
14 | TC03-03 Clay
15 | TK08-01 Clay !
16 |TC 03W-03 Sandy
17 | TC02-04 Clay \
18 | TC 01-04 Clay
Si02, AI203, Fe203 and Al of PT. Sinar
Tambang Arthalestari Classification:
Si02 : Min. 52% _
AI203 : Max. 25% <= [S =
Fe203 : Max, 15% § gl [ E B = g
AI:316-3.44% z . s S *

6. Discussion

6.1 Lithological Profile Of The Turbidite
System Of The Claystone Study Area.

Based on Fig. 4, this unit is an Interbedded
Claystone-Sandstone Unit of the Halang
Formation. In units based on (Bouma, 1964)
there are several appearances of turbidite
current structures. First, the massive gradded
bedding structure (Ta) is in the fopm ‘of fine
sandstone and is thought to have fotmed through
rapid deposition using a turbidity mechanism.
Parallel stacking (Tb) is interbedded claystone-
sandstone with an upper flow regime‘mechanism.
Wavy lamination, cross laminationjand convolute
(Tc) are interlayer layersy of mudstone and
sandstone with loweg, flow regime mechanisms.
Furthermore, we_ found evidence that the
sandstone layers “shifted upwards, towards
younger layers, “and, thickened up. This shows
that the' depositional environment is a
subaquegusiycomplex (Walker, 1992), namely
channeling from the fine lobe at the top of the fan
té the midfan (Sun, 2014).

The, deposition of this unit may be related to
volcanic activity, which is indicated by the
discovery of volcanic minerals such as biotite,
plagioclase, and opaque in petrographic analysis
of the sandstone and claystone incisions of the
Halang Formation. We believe that this volcanic
activity takes place in volcanic arcs, depositing
volcanic products in the back arc basin alongside
other sediments. At the time of deposition, this
unit was influenced by sedimentary material
originating from the sea so that it had a carbonate
composition, which was made possible by rising
sea levels.

6.2 XRF Graph of Clay-Sandy Clay-Sandy
Samples in a Clay Mine.

The results, of the XRF analysis of 18 samples
(Table @) "are “sorted from oldest (No. 18) to
youngest, (No-»1) “and show that the compound
valules experienced several changes over time. We
analyzed/)these changes using curves based on
compound content and alumina index. Element
change rate curves are shown in Table 2.

Based on table 1, samples with codes TC 01-04,
TC 02-04, TC 03W-03, and TK 08-01 generally have
smaller SiO2, Al203, and Fez203 compound values.
SiO2 values are 56.86%-42%, Al203 is 18.68%-
15.10%, and Fe203 is 18.72%-4.79%. Meanwhile,
the overall value of Ca0 compounds increased by
1.86% to 22.72%. For the MgO compound, the
value increases in the range of 2.27% to 4.18%.
Even though there was an overall increase in value,
the MgO compound in the sample coded TK 08-01
experienced a decrease in MgO value of 3.17%.
Based on the qualifications for SiO2, Al203, and
Fe203 content based on the raw material standards
applicable at PT. Sinar Tambang Arthalestari, two
of the four samples, namely samples TC 01-04 and
TC 02-04, are still classified as suitable for use as
cement raw materials. This is because the values of
Si02, Al203, and Fe203 are still within the normal
limits of applicable raw materials. Al calculations
were carried out to determine the ideal rock
quality level for use as raw material for cement,
and it was found that three claystone samples and
one sandstone sample had Al quality values in the
range of 2.78%-3.15%. Therefore, these rocks
were assessed as below standard normal and less
than ideal for use as raw materials for cement.

Samples coded TC 03-03, TC 01-03, TC 02-03,
TC 04-03, TC 02W-02, and TK 15-02 generally have
stable SiO2 and Al203 values. SiOz is relatively in the
range of 52%-54.61%, and Al203 is 16.61%-
20.23%. In general, the values were stable;
however, for the SiOz and Al203 compounds in
sample TK 15-02, the values decreased for SiO:2 by
48.53% and Al20s by 11.57%. Fe20s values
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decreased, ranging from 7.56% to 5.78% for
samples TC 03-03, TC 01-03, and TC 02-03, and
increased and stabilized for samples TC 04-03 and
TC 02W-02. TK 15-02, the value has been recorded,
and the range is 8.48% to 8.76%. Meanwhile, the
value of CaO compounds experienced an overall
decrease in the range of 8.12% to 2.66%. The MgO
compound decreased in value, with values ranging
from 3.70% to 1.51%. Even though the value
decreased, the MgO compound increased in
samples coded TC 04-03 and TC 02W-02 with MgO
values between 3.1% and 3. 41%, and the MgO
value again decreased from 3.1% to 3.41% in the
sample coded TK 15-02. Verify the qualifications
for SiOz, Al203, and Fe203 content based on the raw
material standards applicable at PT. Sinar Tambang
Arthalestari. Of the six samples, namely sample TK
15-02, only one was found to be unfit to be used as
raw material. Because the Al203 value is below
normal standards. When carrying out Al
calculations to determine the quality level of rock
used as raw material for cement, it was found that
six mudstone samples had two Al quality values.
First, Al with a value of 3.13% to 2.70% is below
the normal standard for cement raw materials, and
Al with a value of 4.19% is above the normal
standard or exceeds the normal Al Therefore, it is
also less than ideal for use as a raw material for
cement, according to current standards.

Samples coded TC 01-02, TC 05-02, TC 02-01,
TC 03-01, and TC 05-01 have relatively stable SiO2
and Al203 compound values, with the SiO2 value
range being 53.76% to 57.75%, and Al:03 to
17.57%-19.52%. Although Fe203 values tend tozbe
relatively stable in the range of 6.48% to 695%,
sample TC02-01 recorded a significant ingreasefin
Fe203 values, 8.47%. The value of Ca@ compounds
is generally stable and relatively low,ranging from
3.37% to 4.78%. The MgO ¢geempounds. value
increased from 2.17% to 3.58%:Even, though the
value increased, the MgOycompound in samples
coded TC 03-01 and TC 05<0T\decreased, with MgO
values ranging from 2.61% to2.12%. Verify the
qualifications for Si@7, “Al20sgand Fe203 content
based on the raw natefial standards applicable at
PT. Sinar Tambang, Arthalestari. Five samples are
suitable for dse%as raw materials. When carrying
out Al calculationsito determine the ideal level of
rock qualitylusedras raw material for cement, it was
founds that five mudstone samples had two Al
quality valdes. First, Al in the range of 2.79% to
2.95%isfound in rocks with quality below normal
quality standards and is less than ideal for use as a
raw®material for cement. Apart from that, the Al
value is between 3.22 - 3.17% including good
quality certification or being at the ideal Al
standard for cement raw materials. Good quality Al
is coded TC 01-02 and TC 03-01 (Table 2).

Samples coded KB 09-03 and KB 09-02 have
Si02 and Al203 compound values, with SiOz values
ranging from 40.87% to 26.83% and Al203 values
decreasing gradually from 16.57% to 11.18%. In
the KB 10-01 sample, the values of SiO2 and Al203
compounds increased slightly. So for this sample,
the SiOz value is 35.68 and the Al:03 value is
14.84%. Meanwhile, the Fe;03 compound in the
three samples gradually increased from around

3.21% to 4.61%. An increase in the Fe203 value
indicates more extensive oxidation. Then, the value
of the Ca0 compound generally increased in the
range of 22.93% to 31.47% for samples KB 09-03
and KB 09-02 and decreased with a percentage
value of 24.97% for CaO in sample KB 10-01. For
MgO compounds, the values for samples KB 09-03
and KB 09-02 decreased in the range of 1.82% to
1.46%. In the KB 10-01 sample, the MgO value
increased to 2.96%. Verify the qualifications for
Si02, Al203, and Fe203 content based on the raw
material standards applicable at PT. Sinar Tambang
Arthalestari, which are not suitable for use as raw
material. When we carried out Al calculations, to
determine the quality level of the rocks uséd, for
making cement, the Al quality values obtained for
sample 1 of claystone and sampleg2 of sandymelay
were 2.47%-3.40%. Therefote, this \rock is
considered to have a qualityybelow Thormal
standards and is less than ideal forduse as a raw
material for cement.

6.3 Clay Mineral Types

Based on Fig.J6, the TK% sample code in the
claystone research apea,is located at the bottom.
Macroscepically, outcrops tend to be relatively
west-east dxiented, with light-dark gray claystone
lithology, clastic “texture, size 1/256 mm, well
sortedy clesed “packing, massive structure, and
carbonate, Based on the results of SEM analysis at a
magnification of 30 pum, it is known that the TK 1
sample is mostly composed of illite and calcite
minerals (Worden & Morad, 2003). The results of
this analysis are identified based on mineral
morphology. The mineral illite can be recognized
by its ribbon-like, fibrous or elongated mineral
shape. The calcite mineral has a rhombic
morphology.

Based on Fig. 7, the results of digestion and
SEM were recorded using sample code TK 2 in the
central part of the claystone research area.
Macroscopically, the sample outcrop has a relative
northwest-southeast orientation, brownish gray
claystone lithology, clastic texture, size 1/256 mm,
very well sorted, dense filling, and massive. Has the
structural characteristics and properties of
carbonate rocks. Based on the results of SEM
analysis at a magnification of 20 um, it is known
that the TK 2 sample is mostly composed of
smectite and quartz minerals. The results of this
analysis are identified based on mineral
morphology. The smectite mineral can be
recognized by its mineral shape which looks
irregular and has a characteristic structure, namely
"honeycomb", (Theng, 2019). The quartz mineral in
the sample has elongated and angular (Itamiya,
2019).

Based on Fig. 8, is an outcrop and SEM results
with sample code KB 1 taken in the top of the
claystone study area. Megascopically, the sample
outcrop has a relatively southwest-northeast
direction. This outcrop has the characteristic
lithology of light gray-brown claystone. The texture
is included in the classic texture. The grain size is at
a value of 1/256 mm. The existing sorting is
included in the good sorting type. The packaging is
a type of closed packaging. It has a massive
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structure, and the nature of the rock is carbonate.
Meanwhile, based on the results of SEM analysis
with a magnification of 20um, it is known that this
sample is dominated by calcite and quartz
minerals. The results of this analysis are identified
based on the morphology of the mineral. Where the
mineral calcite has a rhombic morphology (Worden
& Morad, 2003). Meanwhile, the mineral quartz has
an angular grain morphology (Itamiya, 2019).

The composition and quality of the claystone in
the claystone research area were measured based
on the results of chemical compound analysis using
the XRF analysis method and morphological
analysis of the claystone minerals using the SEM
analysis method. Then, we randomly selected
eighteen (18) samples for the chemical compound
analysis. As for the quality of the samples based on
compound content, thirteen (13) samples were
declared suitable because they met the normal
standards for compounds that may be used as raw
materials based on company classification, with a
range of SiOz of 52%-57.75%, Al203 of 15.1%-
19.5%, and Fe203 of 5.78%-8.76%. Based on the Al
value, there are two (2) samples that have the ideal
value to be used as cement raw materials, with a
range of 3.17%-3.22% according to the company's
Al raw material standards. Mineral composition
based on the morphological analysis of minerals
taken from three (3) random samples of claystone,
it is known that in the area below the plot, illite and
calcite minerals were found with SiO2 and Al203
values that generally decreased. In the middle area
of the plot, smectite and quartz minerals with SiO-
and Al;03 values tend to be stable. In the up
area of the plot, calcite and quartz were foun
Si02 and Al203 values that gradually decre
presence of the mineral smectite indicat

properties are crucial for the forma r.
The smectite mineral in i good
temperature stability and ion e roperties.
Based on a literature y conducted on the

inerals as a raw
ritih Lor Village,
cy (Wijaya, 2005)

Jeruklegi District, Ci

which reveale s imineral has the most

appropriate co iti chemical elements in
io

chemical feasibility of
material for Portland ce

the clinker f i action. From the analysis
results, it nd that almost 75% of the
claysto ea (Fig.3.c) is an area that is
suitable bepta as raw material for cement
coupled the discovery of ideal areas for

m materials by 20% (Fig.3.d) based on
e PT. Sinar Tambang Arthalestari.

is study looks at the connection between
rock layers and geochemical data in the area. It is
known that as rocks get younger, their SiO2 and
Al203 compound contents go down, while their CaO
and MgO compound contents go up. This can be
understood because the younger the rock, the
lithology has a fairly high carbonate sand content.
The high carbonate sand content is possible due to
the influence of sedimentary material originating
from the sea, which has a carbonate composition
caused by rising sea levels.
Based on the description that has been
explained based on stratigraphic, geochemical, and
mineral type data in the claystone research area,

the decision to make this area a claystone mine for
cement raw materials based on geological
conditions is correct.

Fig.. 6. (a) Outcrop of TK 1 sample; (b) SEM results of TK 1
samples (It: Illite; Cal: Calcite)

Fig. 7 (a) Outcrop of TK 2 Sample; (b) SEM results of TK 2
samples (Sme: Smectite; Qz: Quartz)
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material for cement reinforced with the presence of
smectite minerals, and there are two samples with
ideal Al values (3.16% to 3.22%) based on
company. This research has a positive influence in
terms of characterizing limestone as a raw material
for cement through the utilization of geochemical
analysis and electron microscopy to get further
insights into the evaluation of limestone quality.
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