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Abstract: The Great Sumatran Fault is the main fault on the island of Sumatra, which stretches
throughout the island, and one of its products is Central Sumatra Basin. The research area is an area
that developed from the Central Sumatra Basin at the time of its formation, and this research area is
in Pulau Padang Village. This study focuses on the geological and structural developments due to
the Central Sumatra Basin. Central Sumatra Basin is the main producer of oil and gas in Indonesia.
River straightness patterns, lithological offsets, and others can indicate the fault structure. Based on
satellite image data and digital elevation models, there are indications of fault structures appearing
in the research area and its surroundings. This can be seen from the straightness of the Bukit Mudoh’s
river. This anomaly is visible in the river’s flow pattern, which shows a significant change in the
upstream area, which is in the form of a trellis, then changes instantly to a straight line. Based on the
appearance of the Landsat 8 OLI/TIRS C2 L1 satellite image, there is a hill offset that shifts with the
movement of the fault. This is also supported by data supporting the tectonic framework of the
Central Sumatran Basin, which indicates a compression phase during the Middle Oligocene to
Middle Miocene with a North-South direction of stress and reactivation in the Pliocene—Pleistocene.

Keywords: Environmental Setting; Geological Structure; Landsat 8; Great Sumatran Fault;

Central Sumatra Basin

1. Introduction

Sumatra Island is one of the large islands in Indonesia,
which contains the Bukit Barisan Mountains, a mountain
range that stretches 1,650 km of Sumatra"-®. The Bukit
Barisan was formed due to a fault structure in Sumatra that
developed from the Miocene to the Pliocene - Pleistocene
period known as The Great Sumatran Fault®-'9. The
current tectonics in Central Sumatra, especially in the
Riau and surrounding areas, is strongly influenced by the
subduction of the Indo-Australian plate with the Eurasian
plate. With an average range of 60 mm/year'D1¥, plate
movements continue to occur. This can trigger movement
in a small part of Riau Province, which is touched by the
Bukit Barisan zone, such as in the research location. The
research area is Pulau Padang Village, Singingi District,
Kuantan Singingi Regency, Riau Province, Indonesia.

Geographically, the research area is located at coordinates
00°24°00” - 00°27°23”S and 101°16°56” - 101°19°25”E
(Fig. 1).

The analysis of the geological structure in the research
area is fascinating because it can produce valuable
information for further research regarding the detailed
conditions of the geological structure that developed due
to the formation of the Great Sumatran Fault that stretches
along the island of Sumatra. With this geological structure
analysis, the pattern formed because of the formation of
the Great Sumatran Fault can be determined. One of the
most valuable methods to see the formation of geological
structures in this Great Sumatran Fault area is to use
analysis of Landsat 8 OLI / TIRS C2 L1 satellite
imagery'>-'9, which displays geological conditions in the
form of results such as geological maps, geological
structure maps, geomorphological maps, and maps of -
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Fig 1: Corrected Geological Map of the Research Area from the Field Observation (modified from Silitonga and Kastowo, 1975).

river flow patterns (stream order) due to structures that
develop in the research area.

This research aims to see indications of the appearance
of fault structures using visual satellite image data located
in the Pulau Padang Village and its surroundings. Field
geological observations are also carried out to record
geological condition data in the form of lithology types,
geological structures that develop, flow patterns and
geological structures that are currently developing at the
research site so that they can integrate the analysis of
geological data obtained from visual data from Landsat
images combined with field data.

In this study, the objective sought to improve our
understanding of the structural framework of the Central
Sumatra Basin. The Central Sumatra Basin is a region of
great interest to the oil and gas industry, and a better
understanding of its geological and structural
characteristics could aid in future exploration efforts. The
researchers aimed to identify and map the fault structures
in the Pulau Padang Village area, which is located within
the Central Sumatra Basin, using a combination of remote
sensing data and field validation.

To achieve this objective, satellite image data and
digital elevation models have been used to identify river
straightness patterns, lithological offsets, and hill offsets,
which are indicators of fault structures. This study also
conducted geological mapping and field validation to

support this study. Ultimately, this study hoped would
provide new insights into the geological history of the
Central Sumatra Basin and help to guide future
exploration efforts in the region for exploring more oil and
gas in this basin.

2. Geological background and methods
2.1 Geological background

The research location is part of the Central Sumatra
Basin, a basin formed behind the magmatic arc during the
Early Tertiary (Eocene - Oligocene) as a series of half-
graben structures separated by a block horst because of the
subduction process of the Indian Ocean plate infiltrating
under the plate. Central Sumatra Basin is the main
producer of oil and gas in Indonesia and the Asian
continent'?2D, This basin is an asymmetrical shape that
leads to the Northwest - Southeast. The deepest part is in
the southwest and slopes towards the northeast.

The Central Sumatra Basin is bounded to the west and
southwest by Bukit Barisan, to the east by Peninsular
Malaysia, to the north by the Asahan Arc, to the southeast
by the Tigapuluh highlands and to the northeast by the
Sunda Kraton. At the same time, the southern boundary
has yet to be well known??-29, Furthermore, this half-
graben formation is filled by non-marine clastic sediments
and lacustrine from the bund group in some parts of the
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deep graben. Central Sumatra has experienced several
phases of complex deformation, which has directly
affected the source rock distribution, the development and
formation of reservoirs and their geological structure. The
Central Sumatra Basin has undergone several phases of
complex deformation. This has directly affected the
source rock's distribution, the reservoir's development and
formation and its geological structure.

The geology of Pulau Padang Village shows the
distribution of rocks consisting of the Tuhur Formation,
the Lower Member of the Palembang Formation, and the
Lower Member of the Telisa Formation (Fig. 1). The
Tuhur Formation consists of slate lithology, shale
members and limestone members. The age of this
formation is Triassic. All these rocks were then intruded
on by Lassi Granite which was 200 million years 01d?®->),
The Lower Member of the Palembang Formation®®: 3V
occurred during the shrinking of seawater and consisted
of Claystone with some sandstone and glauconitic
sandstone inserts. The Lower Members of the Telisa
Formation3? 3% 3% were deposited during maximum
transgression and developed well throughout the Central
Sumatra Basin. This formation consists of Clay, lignite

sandstone, tuff, andesite breccia and glauconitic sandstone.

2.2 Methods

The literature study was conducted to study and collect
related previous research results as a theoretical basis for
the problems to be reviewed, such as regional geology of
the research area, remote sensing, satellite image
specifications and other supporting references. The data
collection included data from Landsat 8 satellite
imagery®> for the Pulau Padang Research area,
Geological Map data from Solok Sheet at a scale of
1:250,000, Indonesian Earth Map data at a scale of
1:25,000, and data from outcrop observations. Lithology,
joint structure. Observation data of geological structures
in the field is used to indicate the location of certain
geological conditions in satellite imagery so that the
lineament pattern at the observation location can be
known. The lithological survey at the research area is in
the form of a description of the geological conditions
encountered, plotting the sample locations, and
documentation of field conditions. The result is a record
of geological observations of the research location.

The data used in this study consisted of Landsat 8
imagery on Path 127 and Row 60, the Indonesian
topographical map, the Solok Sheet Geological Map, and
field geological observation data using Garmin 64S GPS.
The data retrieval technique using GPS Garmin 64S is the
data taken at several coordinates of the observation
location to get the geomorphological conditions, river
flow patterns (stream order), geological structures, slopes,
and other geological-related information. Observation
data of geological structures in the field is used to indicate
the location of certain geological conditions in satellite
imagery so that the lineament pattern at the observation

location can be known.

In Landsat 8 imagery, systematic geometry correction
has been applied, but radiometric correction still needs to
be done because the image data is in Digital Number (DN)
format’® 37, There are two types of output images
produced in reflectant format, namely Top of Atmosphere
(TOA) or reflectants captured by the sensor and Bottom
of Atmosphere (BOA) or reflectants on objects that have
been corrected by the atmosphere. Radiometric correction
is a crucial step in processing Landsat 8 satellite imagery
because Landsat 8 is at level 1T (terrain corrected), so the
image does not need to be corrected geometrically.
Radiometric correction is divided into two stages:
radiometric calibration and atmospheric correction. The
radiometric calibration process in this study used VISAT
5.0 software with several steps; Change the Digital
Number (DN) value to radians (LA), Change the Digital
Number (DN) value to reflectance (pA), and change the
reflectance value (pA) to sun angle corrected reflectance
(P,

Furthermore, to get the BOA reflectance value in the
radian format image, an atmospheric correction process is
carried out to obtain the correction value parameter. This
process uses 6S Code to get the parameters xa, xb, and xc
to produce a corrected BOA reflectance image from
atmospheric  influences. Furthermore, the image
sharpening stage is carried out where the combination of
Landsat-8 image channels uses a combination of channels
5, 6, and 7 in the arrangement of red, green, and blue
channels (red, green, blue/RGB). Channels 5, 6, and 7 are
infrared channels (Indrastomo et al., 2015). The band ratio
used with the combination of Landsat 8 channels is red,
green, and blue (red, green, blue/RGB), namely 4/2, 5/6,
and 6/7 channels*®3?. The combined image of this
channel will produce a composite image with pseudocolor.
This channel is sensitive to rock types of changes, so the
rocks' distribution can be identified from this composite
image.

Based on the combination of the results of Landsat 8
imagery and the recorded geological structure
observations in the field, an interpretation of the lineament
pattern in the study area is carried out. Image
classification is used to obtain geological interpretation
results and determine regional zones with certain
geological conditions. The classified images are then
combined with the vector map digitised by the RBI map
to get maximum classification results*?. After cutting the
classified images, the above map was converted into
vector format using ArcGIS software, followed by a
cartographic process to produce a map display of the
Geological structure of Pulau Padang Village. The whole
process of the methodologies used in this research can be
seen in Fig. 2.
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Fig. 2. Flowchart of methodology used in this research.

3. Result and discussion

3.1 Result
3.1.1 Image correction

Landsat 8 satellite imagery data used in this study is
recorded from August 7, 2019 to September 3, 2022, with
Level 1 Terrain (L1T). The data at this level results from
processing Level 1 Radiometric (L1R) with the
application of systematic geometry correction (Fig. 4a).
This geometric correction process uses binding points or
onboard position information for resampling the image so
that the image is cartographically projected to WGS 1984.
The processed data with the LIT level is also terrain
corrected for relief displacement. Atmospheric correction
reduces the object's reflectance from the total TOA
radiance after normalising lighting conditions and
eliminates atmospheric influences. In this study, Landsat
8 images were corrected for atmospheric effects using
correction parameters from simulation results using the
Second Simulation of a Satellite Signal in the Solar
Spectrum - Vector (6SV). Atmospheric correction
parameters processed by the 6SV method for Landsat 8
images in the study area are shown in Table 1. In this
atmospheric correction, raw data from Landsat 8 is used
to obtain the values of the sun's azimuth and zenith angles.
To define the concentration of aerosols, a meteorological
parameter is used in the form of horizontal visibility (in

this image, visibility = 7.8 km), which is included in 6SV.

Table 1. Atmospheric correction parameter of 6SV.
No. Channel

Parameter

xa xb XcC

1. | Channel 2| 0,00277 | 0,16280 | 0,20227

Channel 3 | 0,00276 | 0,09446 | 0,15994

Channel 4 | 0,00301 | 0,05925 | 0,12863

Channel 5| 0,00424 | 0,03010 | 0,08791

. | Channel 6 | 0,01583 | 0,00875 | 0,03457

Channel 7|0,05044 | 0,00319 | 0,01852

Aerosol thickness at 550 nm was then calculated based
on the tropical atmospheric conditions and the Continental
Model aerosol model. The results of the atmospheric
correction with the 6S method are, from now on, referred
to as SR-6SV. Then these three parameters are used to
perform atmospheric correction on the radian format
image to produce an image with a BOA reflectance.

3.1.2 Geological analysis from field observation
Based on validation in the field, the lithostratigraphic
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units of the study area showed the stratigraphic order
arranged from oldest to youngest: Schist Unit, Carbonate
Calcite Claystone Unit, Fine Sandstone Unit, Medium
Sandstone Unit, Conglomerate Sandstone Unit, Siltstone
Unit, and Conglomerate Sand Unit Quarter (Fig. 3).

3.1.3 Geomorphology analysis

Geomorphology in the study area is grouped according
to Van Zuidam’s classification. The research area is
grouped based on the relief, lithology, and genetic aspects
and divided into three geomorphic subunits: Denudational
of High Wavy Hills Geomorphological Sub-unit,
Denudational ~of Remaining Hilly  Landform
Geomorphological Sub-Unit, Structural Landform (Horst)
Very Steep Geomorphological Sub-Unit (see Fig. 3).

a. Denudational of high-wavy hills geomorphological

sub-unit

This geomorphological unit (D.1) covers 30% of the
entire research area, which occupies the West-Southwest
part of the study area. The flow pattern in this
geomorphological unit is sub-dendritic. Elevation 14-20°
with an altitude of 112 to 200 mdpl, slope 13-25%, in the
form of high undulating hilly land (Fig. 4). The
developing structure is like a shear fault. The lithology
that composes this geomorphological unit is carbonated
claystone, carbonated calcite, fine sandstone to coarse
sandstone, conglomerate sandstone and coal weathering
remnants that act as fragments in very fine sandstone.
Exogenous processes in the form of weathering due to
erosion by water, rubber plantations, oil palm plantations,
and wood refineries of the surrounding community.
b. Denudational of remaining hilly landform

geomorphological sub-unit

This geomorphological unit (D3) covers 45% of the
research area, which occupies the Northeast-Southeast
part. The flow pattern (stream order) in this
geomorphological unit is Trellis. Elevation 8-20° with an
altitude of 112 to 200 mdpl, a flat slope of 6-25%, in the
form of residual hilly land (Fig. 4). There is no developed
structure. The lithology that composes this morphology is
in the form of massive grey silt, clay with a parallel thin
layer sediment structure, loose gravel sand, and fossil
wood (Petrified Wood Stone). Exogenous processes in the
form of weathering due to erosion by water, rubber
plantations, oil palm plantations, and gold mining placer
of the surrounding community.

c. Structural landform
geomorphological sub-unit
This wunit has a Northwest-Southeast direction
characterised by steep slopes (22-55%) with an elevation
of 21-55° covering 25% of the study area. The geological
structure found are wing anticline folds, minor folds, drag
folds, and uphill faults. The dominant lithology is meta-

(horst) very steep

sedimentary sandstone, slightly shale and shale insertion
of sandstone, schist, and quartzite. This unit occupies
Horst. In Fig. 3, there are two hills called Mudoh hills.
Exogenous processes in the form of weathering due to
erosion by water and illegal logging of natural forests
cause landslides on every slope.

3.1.4 Flow pattern (stream order)

a. Trellis pattern

This flow pattern occupies an area of about 45% and
develops in the Northeast-East and Southeast parts of the
study area (Fig. 5). The structure of this unit is very
influential on the pattern of river flow in the study area,
characterising the hilly area next to the folds of the wing,
rising faults, and joints. The river stages in this unit are
generally mature stages with a U-shaped cross-section of
the river (Fig. 5). The flow pattern develops in an area
with sloping relief. The rock composition of the research
area is in the form of massive grey silt, clay with parallel
thin layer sediment structure, loose gravel sand, and wood
fossils.

b. Sub-dendritic pattern

This flow pattern occupies an area of about 55% and
develops in the southwest, west and northwest of the study
area (see Fig. 5). Sub-dendritic is a modification of the
dendritic flow pattern controlled very strongly by the
hardness of the constituent rocks. This pattern has a rather
steep to steep relief with the rock composition of the
research area in the form of carbonated claystone,
carbonated calcite, fine sandstone to coarse sandstone,
conglomerate sandstone and coal weathering remnants act
as fragments of very fine sandstone, as seen in Fig. 3a. The
shape of the river body is associated with the charred
river/point bar.

3.1.5 Structural geology analysis

a. Fault Analysis

Based on the geological structure data in the research
area in the form of compression and tension joints and the
rock layers' position, the relative stress direction is North,
Northwest-South-Southeast. Based on these indications,
the working structure in the study area is estimated to
result from the transtension mechanism of the thrust fault
found. This mechanism resulted in a lowland pattern in the
research area. The transtension and fault mechanism
manifestation is characterised by a thrust fault trending
north-northwest and south-southeast resulting from the
working force. This transtension mechanism results in a
graben as a manifestation of the horst fault found in the
study area. The spread of exposed shale units evidence this,
and the results of age analysis show a difference in
deposition time between sandstone units, so it is estimated
that the sandstone units that are the Lower Member of
Telisa Formation fill the lowlands.
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b. Joint analysis

Geological structures in the form of joints were
identified in the study area. The joint data is processed
using a stereonet to determine the direction of the main
stress, which is very helpful in analysing the structural
development in the research area. The following is a
detailed explanation of each station with joint data (Table
2).

Table 2. Joint Measurement in Pulau Padang Village.
St7 St15 St 22 St 40

No.| Strike | Dip |Strike | Dip |Strike |Dip |Strike | Dip

1|306 |84 | 150 (86 | 200 (54 | 200 | 54

2|29 | 86 | 140 | 82 25 (38 25 |38

31300 |80 158 |67 | 356 |12 | 356 | 12

41314 | 81| 245 |84 | 271 |75 | 271 |75

5315 [ 64| 240 |76 | 294 |48 | 294 | 48

6315 | 65| 325 |49 | 214 |63 | 142 | 26

71306 | 82| 332 |36 | 354 |46 | 354 | 46

81307 | 90| 14 |76 | 271 |66 | 271 |66

91263 | 87 | 335 | 55 89 (83 89 |83

10| 310 | 83 | 340 | 21 | 353 |35 | 353 |35

111 268 | 89 | 210 |16 | 279 |44 | 279 | 44

121 266 | 76 | 335 |83 | 12 |51 12 |51

131205 | 90 | 325 |89 | 290 (64 | 290 | 64

141280 |89 | 25 |76 | 285 (44 | 285 | 44

15/ 302 | 86 | 320 |90 | 165 |16 | 235 | 16

16| 330 | 60 | 340 |89 | 35 |34 35 | 34

171325 | 75| 20 |86 | 271 |70 | 271 | 70

18/ 315 | 55| 332 |76 | 79 |73 79 | 73

19/ 300 | 65| 15 |74 | 26 |55 26 | 55

201 320 | 45| 340 |86 | 75 |70 75 | 70

Based on the joint calculation data analysis at station 7
(Fig. 6a) using the Dips application, the dominant stress
direction is Southwest-Northeast, with the value of cl =
120°/90°. The measurement data for station 15 consists of
20 joint position data. The joint calculation identifies the
dominant joint direction opposite each other. Fig. 6b

shows the appearance of joints at station 15. Based on the
joint calculation data results, it can be assumed that the
dominant stress direction is Southwest to Northeast with a
value of o1 = 334°/90°. At station 22, the measurement
data of this station consists of 20 joint data. The
measurement of the joint was carried out by measuring the
dominant direction of the paired joint. Based on the
analysis of the joint data using the stereonet method (Dips
application), it can be assumed that the direction of stress
from the results of the joint calculation at the Southwest—
Northeast trending location has a value of 61 = 165°/79°.
At station 40 (Fig. 6c), the measurement data for this
station consists of 20 data on the joint position. The
measurement of the joint was carried out by measuring the
dominant direction in pairs. Based on the joint data
analysis results, it can be assumed that the stress direction
from the joint calculation results in the Southwest -
Northeast trending location is 61 = 275°/90° (see Fig. 6).

Lithological boundary drawing is done by identifying
the visible characteristics of the image. Boundary drawing
is based on hue, texture, shape, pattern, location, and their
associations. Field observations and their correlation with
the Landsat 8 imagery used can produce a complete
geological map. The image also shows several lineament
patterns, which can be interpreted as a developing
geological structure pattern. After conducting a thorough
analysis of the results of geological observations and
measurements in the field and analysis of Landsat 8
satellite imagery, it is possible to produce a map of the
geological structure that occurred in Pulau Padang Village,
an area affected by the Great Sumatran Fault (Fig. 7).

3.2 Discussion

The subduction of the oceanic plate under the
continental plate in the Sumatra area resulting The Great
Sumatran Fault, which forms the Tertiary back-arc basin
and knows as the Central Sumatra Basin, which contains
economic hydrocarbon deposits. The study of the
geological structure is primarily based on the
interpretation of the satellite imagery used, complemented
by field observations. In this research, the relationship
between the deformation of horizontal (dextral) faults and
the formation of large basins is known as pull-apart basins.
The thrust fault was resulting from the dextral fault.

From the analysis of the satellite imagery and
geological mapping in the field, it can be found that the
mechanism for the formation of relatively small basins is
in the horizontal and thrust fault deformation zones.
Within this zone, there is movement between blocks that
are convergent and divergent (see Fig. 3a, Fig. 6, and Fig.
7) and formed the highs and lows morphologies,
respectively (Fig. 4). Based on the interpretation of
satellite imagery and field validation, the rock unit
distribution map refers to available geological maps, with
factual modifications found in the field as seen in Fig. 3a
and Fig. 7c.

On the edges of the Central Sumatra Basin, there are
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many oil and gas deposits that are separated distribution.
This situation was taken because the dextral fault activity
by the Great Sumatran Fault occurred along the island of
Sumatra. For the research area, this is proven by the
finding of dextral fault structures, thrust fault, and joint
structures, as shown in Fig. 3a, Fig. 6, and Fig. 7).

4. Conclusion

The research area of Pulau Padang Village is an areca
that contributes to the geological structure resulting from
the formation of the Great Sumatran Fault. This arca

produced derived geological structures while the Great
Sumatran Fault was formed. Field observations and
making actual geological maps provide information
related to the development of geological structures in this
research area and are combined with satellite image
analysis using Landsat 8 OLI/TIRS C2 L1 imagery, which
is very supportive for making geological maps such as
detailed lithological and geological structure information.
Overall results, those analyses provide complete
illustrations related to the formation and development of
the Great Sumatran Fault in Pulau Padang Village.

=

composites of channels 5, 6, and 7 (as RGB)

The existence of a lineament (black dotted line) in Landsat 8 image with color

g 3 \ 1:12.500
Ridge straightness vk —
\ 0 05 2km

Fig. 6: Joint Measurement Analysis in Pulau Padang Village: a). Station 7, b). Station 15, c). Stz\ltion 40, Ridge Straightness Pattern
in Pulau Padang Village: d). Lineament Extraction from Field Measurement to Corrected Landsat 8 Image, ¢). Comparison to the
Digital Elevation Model in the Research Area.
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101020 30°F 2

Quaternary gravel sand units

(weathered) yellowish white, (fresh) milky white, loose grain size-
coarse to very coarse, open packed, poorly sorted, angular to
rounded, poor permeability, non-carbonate, massive

Non-carbonate claystone unit

Weathered brownish yellow, fresh light grey, fine-grained, soft,
sealed, wood fossils present, well sorted, tly rounded, poor
permeability, non-carbonate, parallel structure laminated, wavy
laminated, massive

Calcite carbonate claystone unit:

Weathered reddish brown, fresh brick brown, fine-grained, very
compact, open packed, good sorting, rounded, poor permeability,
carbonated, evenly distributed calcite, massive and graded bedding

Non-carbonate sandstone:

(weathered) yellowish brown, (fresh) yellowish white glossy, fine-
grained, very compact, open packed, well sorted, rounded, poor
permeability, non-carbonate, massive

® o ®_ 0 Conglomerate sandstone units:
greyish brown, (fresh)
g ghtly hard, open packing
good permeability, non-carbon:
Schist Unit:

(weathered) dull dark grey, (fresh) dark grey, very fine grain, very
compact, tightly pack ood sorting, perfectly rounded, poor per-
meability, non-carbonate, wave-like foliated structure due to working
faults

, fine to gravel
od selection, angled to round,
dding to massive

or:

The existence of a lineament (black dotted line) in Landsat 8 image with color
composites of channels 5, 6, and 7 (as RGB)

Ridge straightness

Landsat 8 image with BOA Landsat 8 image with BOA atmospheric calibrated.
band ratio channels 4/2, 5/6, and 6/7 for geological interpretation (as RGB)

0 : 01204
Regional correlation
A Straigraphy . =
AL profil Unit Abbreviation Formation ~ Remark
Undak
ravel sand Spk Sungai Qat
i \ Bukit Mudoh Thrust Faul : Lower feimber
% Sop \guki Dextral Fault claystone Sbl Palembang Tpl
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100 m 7 N clisa Tmtl
?_?
05km 1.0k 15k 20km Skm ,
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Fig. 7: The Result of Corrected Geological Map in Pulau Padang Village by the Correlation between Field Observation and
Validation with Landsat 8 Analysis: a). Map of Lineament Distribution of Pulau Padang Village, b). Map of Structural Distribution of

Pulau Padang Village, c). Corrected Geological Map of Pulau Padang Village.
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