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Abstract: Mineralogy plays a crucial role in understanding the processes of rock formation and their physical properties,
including critical stress. Critical stress values can be estimated using unconfined compressive strength (UCS) measurements,
which are influenced by the modulus values of the minerals present. This study investigates the mineralogical characteristics of
rock samples from Bukit Kunyit in Bandar Lampung City, Lampung, employing X-ray diffraction (XRD) and petrographic analysis.
Macroscopic observations revealed two visually distinct rock samples: one characterized by a bright color (Sample 1) and the
other by a darker hue (Sample 2). Despite these apparent color differences, XRD analysis confirmed that both samples share the
same mineral composition, comprised of Anorthoclase, Cristobalite, Tridymite, and Muscovite, which indicates a felsic (silica-
rich) nature. Notable differences were observed in the crystallographic forms of Muscovite, as well as the Quartz content, with
Sample 2 containing a higher concentration of Quartz. These mineralogical variations correlate with the differences in critical
stress observed, as Sample 1 exhibited a lower critical stress of 20.98 MPa compared to Sample 2's 35.05 MPa.
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Introduction

Mineralogy is crucial in understanding rock formation
processes and their physical properties [1], [2]. One of the
most critical physical properties is vital stress, which denotes
the maximum stress a rock can withstand before failure. This
parameter represents rock’s strength, directly related to rock
mechanics, and is widely used in applications such as
geotechnics [3], landslide studies [4], mining [5], and
reservoir analysis [6]. Understanding rock strength can aid in
evaluating reservoir formations, predicting layer stability,
and designing safer and more efficient drilling methods.
Thus, understanding the relationship between mineralogy
and rock physical properties becomes essential in assessing
formation strength and stability across various situations and
conditions [7].

The connection between mineralogy and rock strength is
highly influenced by mineralogical composition. Variations in
mineral composition can significantly impact a rock's
strength, stiffness, and elastic modulus. Each mineral

exhibits distinct mechanical properties, with certain
minerals, such as quartz and carbonates, increasing the
overall brittleness of the rock [5], [8].

Although numerous studies have explored the relationship
between mineralogy and rock elasticity, there still needs to
be more understanding of how minor variations in mineral
composition and crystallographic structure can affect rock
properties [9]. Rocks with similar mineral types can display
different mechanical properties, as illustrated by the role of
muscovite in reducing a rock's critical stress. Further research
is therefore needed to investigate the factors influencing
rock elasticity and critical stress [10], [11].

This study explores the mineralogical characteristics of two
rock samples collected from Bukit Kunyit, Bandar Lampung
City, Lampung. Mineral characterization was performed
using petrographic analysis and X-ray diffraction (XRD) to
determine the mineral composition, quantity, and mineral
image within the rock samples. Rock strength was assessed
through Uniaxial Compressive Strength (UCS) testing to
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determine the critical stress of the rocks. The findings of this
research are expected to provide valuable insights into
estimating rock mechanical properties across various
applications, particularly in predicting rock responses to
external forces.

Method
Rock sample

The samples in this study are extrusive igneous rocks from
Bukit Kunyit, located on the southern coast of Bandar
Lampung City. According to the Regional Geological Map of
Tanjung Karang [12], the study area belongs to the Lampung
Formation (Qtl). This formation consists of lithologies such as
pumiceous tuff, rhyolitic tuff, welded tuff, tuffaceous
claystone, and tuffaceous sandstone. Columnar jointing
structures can be observed at the research site. These
columnar joints are formed due to contraction processes
resulting from the cooling of volcanic rocks, which leads to
tensile failure [13]. Columnar jointing is also generally
indicative of flow processes in volcanic rocks.

Properties such as color, texture, structure, and composition
can be examined to identify a rock's name and type. In Bukit
Kunyit, variations in the color of the rocks observed in the
field provided a basis for selecting two samples to assess
potential differences. The rock samples were thin sectioned
for microscopic observation, subjected to X-ray diffraction
(XRD) analysis to determine mineral composition, and tested
using the Uniaxial Compressive Strength (UCS) method to
evaluate rock compressive strength.

Mineral characterization

Mineral characterization of the samples was conducted using
petrographic analysis and X-ray diffraction (XRD).
Petrography enables the identification of the mineral
composition and texture of the rock based on optical
properties through microscopic observation, as well as
recording two-dimensional images of the rock at specific
maghnifications. Before observation under a Carl Zeiss
polarizing microscope, thin sections were prepared from
fresh rock samples, including rocks with weak to strong
alteration. The thin sections, with a thickness of 0.03 mm,
were placed on slides for viewing under the microscope.
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Polarizers and analyzers were used to adjust the lighting
pattern on the sample to distinguish the minerals. Optical
properties of minerals were observed through several steps,
including orthoscopic parallel Nicol, crossed Nicol, and
conoscopic observation. Minerals were classified as opaque
(non-light-transmitting) or transparent (light-transmitting)
based on their light transmittance.

X-ray diffraction (XRD) is a material characterization method
that leverages the interaction between X-rays and atoms
within a crystal system. This technique is widely used to
identify crystal lattice types and determine the crystal
structure. Additionally, it provides information about the
arrangement of different atoms within the crystal [14], [15].
The X-ray diffraction process in a crystal is highly dependent
on the crystal structure and the wavelength used, resulting
in a characteristic diffraction pattern for each material [16].
The diffracted X-ray beam satisfies Bragg's law, where the
reflection of the rays caused by atomic collisions occurs
without energy loss, producing elastic reflection. The
arrangement of atoms in the crystal enables them to reflect
radiation like a mirror, and Bragg's law can be
mathematically represented by Equation (1).

2dsin 0 = ni (1)

Where A is the wavelength of the diffracted rays (m), d
represents the interplanar spacing (m), n is an integer
indicating the order of the diffracted beam (1, 2, 3,...), and 0
is the diffraction angle (°).

XRD testing was conducted on rock samples ground into a
powder form with particle sizes below 40 microns. Powdered
samples offer several advantages; for instance, in powder
form, crystal particles are randomly oriented in all directions,
allowing X-rays to interact with numerous crystal planes at
various orientations. It produces a complete and
representative diffraction pattern of the crystal structure.
Additionally, more crystal surfaces are exposed to the X-rays,
which can enhance the intensity of the diffraction signal,
resulting in clearer, more easily analyzed data. The powder
X-ray diffraction patterns were obtained using an XRD
instrument (Rigaku Smartlab, Japan) with Cu-Ka radiation
(1.54 A).

Uniaxial Compressive Strength (UCS) Test
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The uniaxial compressive strength (UCS) test was performed
to measure the maximum compressive strength of the rock
by applying a load in a single direction. UCS testing is a key
parameter for determining rock materials' mechanical
properties and failure characteristics [9], [17]. In this test,
cylindrical rock samples are placed in a compression testing
machine. Proper specimen preparation is essential to ensure
accurate dimensions and flat, parallel surfaces so that the
load distribution remains even across the sample. Axial
pressure gradually applied along the specimen's longitudinal
axis until the rock undergoes failure or fractures. The
compressive strength is measured at the point of failure
(when the specimen breaks or fractures).

At the point of failure, the critical stress of the rock can be
calculated, indicating the maximum strength the rock can
withstand before breaking or fracturing. Mathematically, this
value can be calculated using Equation (2).

o, ="% (2)

where o represents the critical stress or maximum stress
(MPa), F is the maximum force applied to the specimen
before failure (N), and A is the cross-sectional area of the
specimen (m?). The surface area of the specimen is calculated
based on its dimensions, using the diameter and height for
cylindrical samples or the length and width of the cross-
section for cubic or prismatic specimens.

Results And Discussion

Based on macroscopic observation, the rock samples found
in the Bukit Kunyit area can be identified as volcanic rocks.
The two rock samples exhibit relatively different colors, with
one sample having a darker gray shade (Figure 1). Both
samples display a vesicular structure (pores formed due to
gas release during cooling). Columnar jointing structures
were also observed in the rocks from the study area.
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Figure 1. Rock samples (a) Sample 1 and (b) Sample 2.

Petrographic analysis using thin sections shows both rock
samples are aphanitic igneous rocks. Approximately 80-90%
of the constituent minerals are clay-sized, likely consisting
of plagioclase and glass, present as the groundmass. Quartz,
biotite, and mica are observed as phenocrysts in both
sections. Both rock samples contain 10-15% quartz, but
mica is only identified in Sample 2 (Figure 2).
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(b)

Figure 2. Petrography of the samples (a) Sample 1 and (b)
Sample 2. Sections A and C show images under parallel nicols
in each image, while sections B and D show images under
crossed nicols. Both samples are dominated by clay-sized
minerals, with quartz minerals in crystal forms with angles,
and sample 2 also contains mica minerals.

The mineral composition of the rock samples was analyzed
using the X-ray diffraction (XRD) method. Before testing, the
samples were prepared by grinding them into powder. This
was achieved by crushing the samples with a grinder until a
minimum weight of 5 grams was obtained. The resulting
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powder was then analyzed using the XRD method to
generate the diffracted wave spectrum. The results of the
XRD tests produced diffractograms for both Sample 1 and
Sample 2, as illustrated in Figure 3.
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Figure 3. Diffractogram of the samples (a) sample 1 and (b)
sample 2.

Based on the test results, both samples have the same
mineral variation, namely Anorthoclase, Cristobalite,
Tridymite, and Muscovite. These four minerals belong to the
silicate group. The mineral identification from the XRD
analysis provides additional information that some of the
"clay-sized materials" observed in the petrographic
examination are composed of plagioclase and glass and
include Anorthoclase. A comparison of the mineral
percentages between the two samples is shown in Table 1.
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Upon comparing the mineral percentages, it is found that
both samples exhibit nearly identical mineral compositions.
However, a notable difference is observed in the muscovite
content, which is greater in Sample 1. This difference implies
that the formation of Sample 1 occurred at a lower
temperature than that of Sample 2. Both samples are
comprised of minerals with high silica content, indicating
that the rocks are relatively resistant to weathering.
the UCS
determining the critical stress of the samples.

Consequently, test remains pertinent for

The muscovite present in both samples exhibits variations in
density values, diffraction angles, and interplanar distances,

Table 1. Mineralogical information of the research samples.
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though these differences are not substantial. Specifically,
muscovite in Sample 1 has a marginally lower density than
thatin Sample 2. This information is crucial for understanding
the rock's strength in withstanding external stresses applied
toit.

The lattice indices for each mineral were derived from the
information regarding their lattice parameters. Notably, the
a and y parameters of muscovite in both samples exhibit the
same values, whereas other lattice parameters display some
differences, albeit not significant. These variations in lattice
parameters are attributed to fluctuations in pressure and
temperature during the formation of the rock.

Sample ICDD Mineral Quantity | Density | Diffraction . .
No Code Number Name (%) (g/cm?) Angle (29) d-spacing (&) Crystal Structure Lattice Parameter
Anorthoclase a=8.34A  @=90.00°
01-075- (Na0.667 - b=12.98 A B=116.10°
1631 K0.333) (Al 81.4 2.55 27.45 3.24 Monoclinic c=715A  y=90.00°
Si3 08)
) . a=4.98A  1=90.00°
03'708751' i:;t?sti’ac')'zf 48 2.32 21.94 4.04 Tetragonal b=4.98 A  B=90.00°
c=6.95A  y=90.00°
1| samplel a=5.05A  @=90.00°
0;'209893' T”dyg‘z')te (Si 23 2.18 20.28 437 Hexagonal b=5.05A B=90.00°
c=8.27A  y=120.00°
01.082. 2'\|<I/|u15-c(0|: I/:Tz a=521A @=90.00°
. 11.5 2.82 34.93 2.56 Monoclinic b=9.03A B=95.76°
0576 (Al Si3 010) 20,02 A v=90.00°
(OH)2) = v="
01-075- Ar}:r;g%ce‘i;se a=8204  a=9118°
: 88.9 2.58 27.52 3.23 Anorthic b=12.96 A PB=116.31°
1630 K0.333) (Al 715 A 00,14
Si3 08) = y=20
Cristobalite $- a=4.98A  1=90.00°
01-082- alpha, b=4.98 A  B=90.00°
1403 synthetic (Si 4.6 2.32 21.96 4.04 Tetragonal =6.93 A v=90.00°
2 Sampel 2 02)
N a=9.93A  «=90.00°
0(1)'206711' T”dygnz')te (Si 3.4 2.28 20.62 4.30 Anorthic b=17.21A B=90.00°
c=81.86 A y=90.00°
Muscovite - a=5.15A  «=90.00°
01-084- : . b=8.95A B=95.75°
1304 (K AEI;, au)?,z;no 3.1 2.87 35.28 2.54 Monoclinic =20.07 A y=90.00°

Copyright © 2025 Journal of Science and Applicative Technology
Published by: Lembaga Penelitian dan Pengabdian Masyarakat (LPPM)
Institut Teknologi Sumatera, Lampung Selatan, Indonesia

J. Sci. Appl. Tech. vol. 9 (1), 2025, pp. 35-42 | 39


http://lp3.itera.ac.id/
https://www.itera.ac.id/

Journal of Science and Applicative Technology Original Article

Rock Strength Testing with UCS Stress - Strain Curve

The UCS testing was conducted using the ASTM D7012 B

standard on cylindrical core samples. Both samples had | '

diameters and lengths of 4.61 cm and 10.51 cm for Sample1, w0 N ;‘\6_ = _r G

while Sample 2 measured 4.67 cm in diameter and 9.07 cm : \‘p@ :

in length. The testing process involved varying the pressure 3,00 iQ i .

applied to the samples. ; ! ! -
N Oy 1

A linear stress-strain relationship was observed at the start Q\Q’ X f? | |

of the loading process, where the stress applied to the rock Q,'é\ ] | |

generated strain. At this stage, the rock remains in an elastic @ o : :

state. As applied stress increases, the rock reaches its elastic : |

limit and transitions into the plastic stage, reaching the peak o005 0002 oot oo 0000 ! omots 0002 !ﬂ_m

Strain

stress before failure, as shown in Figure 5 (stress-strain
graph). For Sample 1, the elastic limit occurred at a stress of (a)
approximately 11 MPa, while Sample 2 occurred at around

Stress - Strain Curve
[}

17 MPa. These values represent the Young's modulus of the

_____ R ¢
tested rock samples. e H O N
iy
2
The maximum stress for Sample 1 and Sample 2 occurred at - Q\(b
approximately ~20 MPa and ~35 MPa, respectively (Figure 4). 2300

After the maximum stress was reached, failure occurred in o
! Axal

the samples. Thus, this stress is considered the critical stress

‘E o DUAMETERAL

- . . @ Vv ]
of the sample. Test results indicate that Poisson's ratio for Q\Q) 15,04 gf
Sample 1 is slightly higher than for Sample 2, but Sample 1 ‘D@ 1000 hd
has lower Young's modulus and critical stress, as shown in ©
Table 2. The higher Poisson's ratio of sample 1 indicates that e
this sample tends to undergo greater lateral deformation 000

. . 0,0035 0,0025 0,0015 0,0005 0,0005 0,0015 0,0025 0,0035

than Sample 2. Despite the greater lateral deformation, Strain
Sample 1 has a lower critical stress. This information suggests (b)

Sample 1 is more prone to failure or permanent deformation
Figure 4. Stress-strain curve of the UCS test for samples (a)

underloading. Furthermore, Sample 2 shows greater stability
Sample 1 and (b) Sample 2.

under pressure and is less prone to lateral changes than

Sample 1, indicating that this rock is relatively stiffer and Table 2. UCS test results of the rock samples.
stronger.
No Sample Code oc (MPa) | E(MPa) v

Based on the mineralogical analysis of the rocks, both
samples have the same mineral composition, but there is a 1 [Sample 1 20.98 11.07 0.245
significant difference in muscovite content. The presence of

. . . . . . 2 [Sample 2 35.05 17.54 0.236
minerals with low elastic modulus can increase Poisson's
ratio but decreases Young's modulus and critical stress. The
muscovite content in Sample 1 is relatively higher than in
Sample 2. This mineral is suspected to be the reason for the Conclusions

lower critical stress and Young's modulus in Sample 1. The . .
. . . . In this study, two rock samples from the same location were
mineral composition of a rock affects its elasticity [18] and

strength [19], [20]. analyzed to determine their mineralogy using petrographic

methods and X-ray diffraction (XRD). The influence of the
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rock’s mineral composition on critical stress was investigated
by conducting unconfined compressive strength (UCS) tests.
The conclusions are as follows:

1) Both samples from Bukit Kunyit, Bandar Lampung City,
Lampung, display characteristics of rhyolitic rocks
predominantly composed of clay-sized materials. The
mineral composition of both samples is mainly
comprised of silica, which classifies them as siliceous
rocks.

2) The mineral content of both samples includes
Anorthoclase, Cristobalite, Tridymite, and Muscovite.
However, Sample 1 contains a significantly higher
proportion of Muscovite compared to Sample 2.

3)  Mechanical strength testing reveals that Sample 1 has a
critical stress of 20.98 MPa and Young's modulus of
11.07 MPa. In contrast, Sample 2 exhibits higher values,
with a critical stress of 35.05 MPa and Young's modulus
of 17.54 MPa. Additionally, Sample 1 has a slightly
higher Poisson's ratio than Sample 2. This indicates that
Sample 2 is relatively stiffer and stronger than Sample
1. The variation in strength is closely linked to the
Muscovite content, which is lower in Sample 2 (3.1%)
compared to Sample 1 (11.5%). The relationship
between the type and total content of each mineral and
the rock’s critical stress can be further explored through
numerical simulations.
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