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ABSTRACT
Limestone is a rock containing carbonate derived from one of sedimentary rock with
mineral constituent (amount 95% or more) is calcite (CaCO3, calcium carbonate), dolomite
(CaMg (CO3) 2) and aragonite. This research has purposed to analyze the morphology and
element content of limestones in the village Sulkam. Rock samples derived from limestone
outcrop in the village Sulkam. Results of SEM-EDX form morphology of limestone obtained
from SEM analysis and graph between energy values and chopped obtained from EDX
analysis. The results showed the morphology of limestone is rough and porous that can function
as a reservoir. Characterization using SEM-EDX showed that the highest peak of the curve is
dominated by elements O, Ca and C with the average of elements O is 49.24%, the average of
element Ca is 21.73%, the average of element C is 28.52%, which is categorized as mineral
calcite CaCO3. The peak of the elements Mg and Si comes with a lower peak with the average
of element Mg is 0.07% and the average of element Si is 0.36%. This case showed that mineral
calcite is more dominant than other mineral the carbonate rock forming that is dolomite and
aragonite.
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INTRODUCTION
Carbonate rocks are composed primarily of carbonate minerals that are consisted of
carbonate anion (CO32) combines with cations such Ca2+, Mg2+, Fe2+ , Mn2+ , and Zn2+ to form the
common carbonate minerals (Sam Boggs, 2009). The most common carbonate rock is
limestone, it is a type of sedimentary rock that’s mainly consisted of calcite (CaCO3), other
carbonate minerals that may present are dolomite (CaMg(CO3)2), aragonite (CaCO3), calcite
with magnetite, magnetite (MgCO3) and siderite (FeCO3). It may also have impurity minerals
that are formed when there’s sedimentation like clay, quartz (silicate). The present of impurity
minerals can be basis of limestone classification. If limestone mostly impured by magnetite, the
it’s called dolomite, if the impurity is clay then it’s called clay limestone and if the impurity mineral
is quartz, then it’s called quartz limestone. The color of limestone is controlled by percentage of
mineral composition and its impurity minerals. Limestone with milk colored is composed by
calcite, if the color is light-dark gray shows the present of magnesium, red colored limestone
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usually caused by the present of manganese and blackened limestone is caused by the present
of organic elements.
Limestone in Sulkam area Langkat regency is a kind of sedimentary rock that’s consisted
by dominantly calcium carbonate, yellow colored, dark gray yellowish, orange and black.
Limestone that’s composed by CaCO3 in calcite crystalline, crystallized in hexagonal system
with height percentage 94,4 % – 100 % and density 2,7050 - 2,7120 gr/cm3 (Juliani, 2014).
Limestone has three phases of crystal that are calcite phase, aragonite phase and
vaterite. Limestone with calcite phase and also rhombic is crystal phase that’s easily formed
because its phase is stable. Aragonite phase with needle morphology is a kind of phase that is
formed by low supersaturating and need high temperature liquid. Vaterit crystal phase with
porous spheroid morphology is the most unstable phase and hard to be formed. Vaterite phase
formation is influenced by many parameters like pH, temperature and reactant concentration
(Riyanto, 2011).
The using of limestone, in industrial process must meet some requirements; one of its
requirements is the chemical of rock. Where for each usefulness, the percentage (%) of element
or compound presence is needed. This research aims to determine the morphology and
limestone composition in Sulkam area with using Scanning electron microscope (SEM).
Carbonate rocks
Carbonate rocks, contain important minerals and commonly can be found in carbonate
rocks, carbonate minerals generally are divided into three categories that are Calcite, dolomite
and aragonite (Sam Boggs, 2009).
1. Calcite group
Calcite group is consisted of calcite (CaCO3), magnetite (MgCO3), Rhodochrosite
(MnCO3), Siderite (FeCO3), and Smithsonite (ZnCO3). The group of calcite that’s discussed is
calcite that’s mainly composed the limestones, with its chemical components are calcium (Ca)
and carbonate (CO3), has hexagonal crystal system and rhombohedral fraction (trigonal),
colorless and transparent. Hexagonal crystals, more stable minerals in carbonate rocks, usually
is a good and clear crystal. It’s found as a result of recrystallization of Aragonite, and also as
cement that filled the spaces among grains and cracks. It is common in limestones.
Physics properties of calcite are weighted 2.71; hardness 3 (Mohs scale); prismatic
shaped; tabular; solid; fine to rough grained; can be formed as stalactite, tublerose module,
coralloid, oolitic or pisolitic. The impure calcite color is yellow, brown, pink, blue, lavender, pale
green, gray and black. The using of calcite nowadays cover a wide range of sectors which are
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based on physical and chemical properties. Such use, including agriculture, chemical industry,
food, metals and others.
2. Aragonite group
The aragonite group consists of Aragonite (CaCO3), Cerussite (PbCO3), Strontianite
(SrCO3), and Witherite (BaCO3). Aragonite is the major mineral-forming of limestone, with its
constituent chemical elements consisting of calcium (Ca) and carbonate (CO3), has orthorombik
crystal system, the most unstable carbonate minerals and soluble, or needle-shaped fibers, the
material structure of marine mollusks are generally deposited in chemical precipitation directly
from seawater.
3. Dolomite group (CaMg (CO3)2)
This group consists of dolomite (CaMg (CO3) 2) and anchorite (Ca(Mg,Fe,Mn (CO3)2).
Dolomite mineral is similar to calcite which has rhombohedral (trigonal), but petrographically has
different refractive indices. Dolomite minerals can occur directly because of precipitation of
magnesium-rich sea water which causes recrystallization, more often because of the
replacement of mineral calcite.
4. Scanning Electron Microscopy (SEM)
Scanning electron microscopy (SEM) is a testing instrument to determine the morphology
and elemental composition solid compounds contained in a compound. SEM is an electron
microscope that produces high-resolution images of the surface of the sample. SEM that’s been
used was Zeuss EVO MA 10 and mixed with Energy Dispersive X-Ray Spectroscopy (EDX).

Figure. SEM (Scanning Electron Microscopy)
The signals generated by SEM include secondary electron, X-rays characteristics and
light (cathode luminescence). The signal comes from the scattering of electrons from the
surface of the element that interacts with the sample. SEM produces high resolution images of a
sample surface, capturing complete with a size of about 1-5 nm. To produce a wide SEM image
has an enormous focus. SEM produces the characteristic three-dimensional form that is useful
for understanding the structure of the surface of a sample.
Data obtained from SEM-EDX were analyzed both quantitatively and qualitatively, in
order to know the type or mineral elements contained in a sample and inform that’s analyzed
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number (proportion) of each type of mineral or element obtained. The result of SEM-EDX is an
image of the surface structure of the sample obtained from SEM analysis and graph between
energy values obtained from EDX analysis.
In data retrieval with using SEM-EDX, the powder sample was placed on a specimen
holder and it was inserted into the specimen chamber, then put in the SEM-EDX instrument and
the instrument is ready for to operate. In measurements for each sample was analyzed using
analysis area. Electron beam generated from area gun discharged until it hit the sample. The
flow of electron beam is then focused using electron optics coulomb before the electron beam
forming or on samples. After the electron beam forming the sample, there will be interactions in
the irradiated sample. Interaction on subsequent irradiated samples detected and was turned
into an image by SEM analysis and in the form of graphs by EDX analysis.
The results or the output of SEM-EDX analysis are images of the surface structure of
each sample that were tested with 3-D characteristic image and coherency graph between
energy (keV) on the horizontal axis with data on the vertical axis of this can be seen the
elements or minerals contained in the sample, which is the presence of elements or minerals
can be determined based on the value of the energy generated at the time of the primary
electron beam firing on the sample.

METHODOLOGY
The sample used in the study came from Sulkam Village Langkat regency and the testing
of materials has done in Physics Laboratory, State University of Medan. The equipment used
were:
Table 1. Equipment and Materials
No
1.
2.
3.
4.
5.
6.

Equipment and Materials
GPS
Limestones
Mortal
Ball Mill PM 200
Sieve
SEM Zeuss EVO MA 10

Samples derived from outcrops considered as representation by noting coordinate point
in the Sulkam village. Outcrops that had taken were six samples; the morphology had seen
using SEM Zeuss EVO MA 10, to determine the content of crushed limestone elements then
puree with Ball Mill PM 200 for one hour, and then filtered through a mesh sieve no. 200
(75μm). Samples that have been refined later analyzed the content of the element by using
SEM-EDX.
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The results of SEM analysis showed the characteristics of the 3-D shape of the surface
structure of the sample. While the results or the output of the analysis of SEM-EDX analysis of
images surface structure characterized the samples tested with 3-D images, and charts the
relationship between energy (keV) on the horizontal axis with the counted data on the vertical
axis of this can be seen elements or minerals contained in the sample, in which the presence of
elements or minerals can be determined based on the value of the energy generated at the time
of the shooting of the primary electron beam on the sample.

Start
Limestones sample

Grinding

Samples pulverizing

SEM-EDX

SEM

Samples morphology and
elements
Interpretation

Result

Finish
Figure 3. Flowchart

RESULTS AND DISCUSSION
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Limestone sample analysis results using SEM, its morphology.

Sample T-41

Sample T-72

Sample T-92

Sample T-95

Sample T-88

Sample T-109

Figure 1. Limestones morphology with using SEM
It can be seen from the figures above that the surface of limestones looked rough and
porous. The samples consist of grains, matrix and cement and there are holes or pores that are
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not occupied by grains, matrix or cement. The pores that are primary pores and secondary
cavity rocks are important for groundwater reservoir. More closely, based on the microscopic
characteristics of one of the samples that has been observed, slice of the rock has grained,
gray blackish green, grain size <0.02 mm - 2.5 mm, textured crystalline, spherical grain shaperounded, poor sorting, closed containers. Rocks composed by mineral calcite (A8), carbonate
mud (B8), bio clasts (arthropods (E9), brachiopods (C6), echinoderms, and coral), ooids (E5),
and opaque (G9).

Figure 2. Limestone thin slice
To determine the type or mineral elements contained in limestones, analyzed
quantitatively and qualitatively by EDX (Energy Dispersive X-Ray) has done. Results of SEMEDX are images of the surface structure of the sample obtained from SEM analysis and graph
between energy values with the amount of data (keV). EDX testing has done to see that the
compounds formed in the alloy constituent of limestone based on the presence in the sample so
as to indicate the type of limestone.

Sample T-41
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Sample T-72

Sample T-88

Sample T-92
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Sample T-95

Sample T109
Figure 4. SEM EDX curve and element content of the sample
Figure 4 shows the highest peak of the curve is dominated by the elements O, Ca, C
which are categorized as mineral calcite CaCO3. The peak of the elements Mg and Si comes
with a lower peak. This result shows that calcite is more dominant than other mineral minerals
rock-forming minerals other carbonate; dolomite and aragonite. XRD results of samples for
Sulkam area have calcite crystals form consisting of CaCO3 with 94.4 wt.% - 100% and has
density of 2.7050 to 2.7120 g / cm3 (Juliani, 2014).
Ca and Mg elements are contained in one periodic in elements periodic system, so the
chemical and physical properties are relatively similar, so it tends to be found in relatively similar
conditions. Minerals containing Ca and Mg are generally more easily weathered than other
minerals. Due to weathering, the levels of Ca and Mg in the colloidal minerals tend to be along
with the water. The reducing or increasing of Ca and Mg in the rock caused by water-borne due
to percolation, absorbed by organisms (flora and fauna), is absorbed by the clay particles, in dry
climates area because there’s no water flushing.
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The main elements of the test results of samples T-41 are C, Ca and O. Compounds
contained 100% CaCO3. In Samples T-72, T-88, T-92 other than O, Ca and C, there is an
addition of Mg. In T-72 sample contained 99.86% CaCO3 compound, T-88 sample contained
99.47% CaCO3 compound, T-92 sample contained 99.83% CaCO3 compound. In samples T95 and T-109 contained elements O, Ca, C, O and Si. T-95 sample contained 98.03% CaCO3
compound, T-109 sample contained 99.76% CaCO3 compound.
In Table 2 shows the summary of the sample analysis with using SEM-EDX determined
based on quantitative data.
Table 2. Sample composition by using SEM-EDX
No.

Sample

1.
2.
3.
4.
5.
6.

T-41
T-72
T-88
T-92
T-95
T-109

O
49.89
52.68
52.89
47.41
44.89
47.67

Ca
19.94
15.33
12.18
16.21
40.38
26.35

Komponen (wt %)
C
30.17
31.85
34.40
36.21
12.76
25.74

Mg
0.14
0.12
0.17
-

Si
1.96
0.24

Based on the results of SEM-EDX analysis of the study area for 6 limestone rock
samples, showed that the more dominant limestone’s contents are O, Ca, C, Mg and Si. Ca
element is an element forming CaCO3 compound. Phase which can be formed from these
compounds may be calcite, aragonite, and vaterite which has polymorph phase. The Ca and
Mg elements in the form of ions Ca22+ and Mg2+ and in the periodic table of the group is on the
block s2 energy to release electrons of the outer shell so that its presence tends to be together
to form an association of elements. In most of the geochemical processes in the liquid element
Ca22+ reacts with HCO3- derived from CO2 then occurred CaCO3 on parsiel pressure and
precipitated as calcite minerals. Element Ca22+ has a higher solubility compared with Mg2+. In
limestones’ sample the calcite presence is more dominant. When Mg2+ > 20% Ca ions replaced
by Mg2+, forming mineral dolomite (Djuhariningrum Tyas, and Rusmadi, 2004). The element Si
is an impurity element contained in the limestones.

CONCLUSION
Limestones from the village Sulkam have rough morphology containing grains, matrix and
cement and has holes or pores that are not occupied by grains, matrix or cement. The pores in
the form of the cavity is important for groundwater reservoir. SEM-EDX results showed the
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highest peak curve is dominated by the elements O, Ca, C are categorized as mineral calcite
CaCO3. The peak of the elements Mg and Si comes with a lower peak.
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