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ABSTRACT

Ombilin Basin is an NW-SE inverted oblique rift that is currently being part of the Barisan Mountains in
western-Central Sumatra. Regarding its current position, Ombilin Basin can be one of the windows to see the
evolution of the Barisan Mountains since the Paleogene. Two schools of thought, namely rift basin and pull-apart
basin hzve been established to explain the evolution of the Ombilin Basin. This paper aims to present another
perspective on the evolution of the Ombilin Basin based on subsidence mechanisms and fault development. This
study integrated remote sensing and subsurface interpretations. Remote sensing interpretation took the role to
delineate surface fault lineaments using a digital elevation model, while subsurface interpretation dealt with log and
seismic interpretations, subsidence analysis, and palinspatic reconstruction. Fault lineaments derived both from
remote sensing and seismic interpretations were combined to construct the structural framework of the basin.
Subsidence analysis generated geohistory and back-stripped tectonic subsidence charts. Palinspatic reconstruction
illustrated structural configurations through time. This study figured out that Ombilin Basin went through fault-
controlled subsidence in Middle Eocene — Late Oligocene and thermal subsidence in Early Miocene — Late Pliocene.
Each subsidence mechanism was terminated by an uplift. Subsidence mechanisms in Ombilin Basin represented the
criteriz of rift basin in terms of amount and rate of tectonic subsidence, duration of subsidence, and contribution of
thermal subsidence. On the other hand, fault development captures extensional and strike-slip components during
rifting and the development of flower structures during inversion of the basin. Oblique rifting operates when the
dominant extensional component works together with the strike-slip component. Therefore, subsidence mechanisms

and fault development are in agreement to regard Ombilin Basin as an inverted oblique rift.
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INTRODUCTION
Ombilin Basin is an NW-SE inverted
oblique rift that is currently being part of the

thought would be the basis of this study to

present another perspective on the basin
evolution.

Barisan Mountains in  western-Central
Sumatra. Regarding its current position,
Ombilin Basin can be one of the windows to
see the evolution of the Barisan Mountains
since the Paleogene. The evolution of the basin
has been studied for several decades and
generated two schools of thought: rift basin [1-
4] and pull-apart basin [5-8]. The schools of

The schools of thought have different
perspectives in seeing Ombilin Basin (Figure
1). Rift basin school of thought builds the idea
based on the tectonostratigraphic framework
and basin geometry [1-4]. Otherwise, the pull-
apart basin school of thought considers
Sumatran Fault as a major structure
responsible for Ombilin Basin formation
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Figure 1. Schools of thought of Ombilin Basin formation.

The evolution of the Ombilin Basin was
studied by integrating remote sensing and
subsurface interpretations. Remote sensing
interpretation deals with understanding surface

subsidence analysis. The seismic interpretatio‘n
would be the basis for palinspauc
reconstruction. On the other hand, subsidence
analysis produced geohistory and back-

structural features and fault lineaments. In the  stripped tectonic subsidence charts to illustrafe
meantime, subsurface interpretation the basin evolution. The study area 1S
encompasses seismic interpretation and  illustrated in Figure 2 and 3.

Figure 2. Study area with 2D seismic coverage and the wells.
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REGIONAL GEOLOGY
The tectonic evolution of Sumatra has
started since the Late Paleozoic. Indochina-
East Malaya Block collided with South China
Block in Late Carboniferous (Barber and
Crow, 2009; (Figure 4). Another collision
occurred in the Late Permian between
Indochina-East Malaya Block with Sibumasu
Block, closing the Paleo-Thetys Sea. After the
closing of the Paleo-Thetys Sea, West Sumatra
Block moved along strike-slip fault regarded
as Medial Sumatra Tectonic Zone and finally

Figure 3. Location map of study area.
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Jjuxtaposed with Sibumasu Block in Midflle
Triassic [12). Tectonic evolution during
Jurassic to Cretaceous was characterized by
the Meso-Tethys Sea, the formation of Woyla
and Incertus Arcs, and the movement of those
two arcs northwards and the opening of the
Ceno-Tethys Sea [13]. Woyla Arc finally
arrived in Sumatra and collided with other
tectonic blocks in the Late Cretaceous [12]. It
can be underlined from the reviews above that
Sumatra has been part of convergent margin
since Late Carboniferous to Recent.
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Figure 4. Tectonic blocks of Sumatra [12].
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Ombilin Basin is a part of the Barisan
Mountains (Figure 5) and is aligned parallel
with the mountain range. Based on surface
geology (Figure 6), Ombilin Basin has two
important trends, NW-SE and N-S. Noticeable
NW-SE features include the Takung Fault in
the northern part of the basin and Palangki
Anticline in the south. Takung Fault served as
a major structure in the Ombilin Basin, as
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Figure 6. Geologic map of Ombilin Basin, modified afier [1].
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Figure 7. Schematic model of Ombilin Basin [14].

The evolution of the Ombilin Basin started
in Paleogene. Initial sedimentation was
marked by terrestrial deposit of Sangkarewang
and  Brani  Formation.  Sangkarewang
Formation is recognized by its lacustrine
deposit of laminated shale and intercalation of
sandstone [1,3,7]. Varve layers of this
formation reported in the [14]. Lacustrine
turbidite facies described as contorted
mudstones and interbedded sandstone with rip-
up clasts in this formation [3]. On the other
hand, Brani Formation can be recognized by its
polymict conglomerates. Brani Formation
regarded as alluvial fan [1]. In terms of basin
stratigraphy, Brani Formation considered as
basin margin facies and Sangkarewang
Formation as dceper basin facies [3].

Sedimentation in the Ombilin Basin was
followed by deposition of Sawahlunto and
Sawahtambang Formations in Paleogene.
Sawahlunto Formation is recognized as
meandering stream facies [1,3,14] and
Sawahtambang Formation as braided strcam
facies [1,14]. Sawahlunto Formation is
characterized by the presence of coal, while
Sawahtambang Formation can be recognized

by its thick, massive sequence of cross-bedded
sandstones and conglomeratic sandstones.

Neogene sedimentation in the Ombilin
Basin is characterized by marine facies of the
Ombilin Formation. Ombilin Formation has
heterolithic  shale, carbonaceous and
calcareous shale, and thin intercalation of
glauconitic sandstone [1,14]. Local uplift
toward the end of Oligocene manifested by
erosional surface at Palangki [1]. Therefore,
the stratigraphic relationship between Ombilin
Formation and younger formations might be
locally unconformable. The sedimentary
record in Ombilin Basin ends in the Early
Miocene because younger successions had
been eroded.

DATA AND METHOD

The study area approximately covers
about 1600 km? (Figure 3). This study utilized
both remote sensing and subsurface data.
Remote sensing interpretation used Advanced
Spaceborne Thermal Emission and Reflection
Radiometer Global Digital Elevation Model
(ASTER GDEM). ASTER GDEM is a product
of METI and NASA. Subsurface data include

[53]
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4 2D reflection sewsmie database and three
wells

Remote  sensing  interpretation was
intended 1o generate a shaded relief model and
W delincate surface fault lineaments. The
shaded relief model was generated by artificial
tumination from four directions. The area
was illuminated from west, northwest, north,
and northeast with the angle of light was 30°,
Shaded relief models generated from four
tllumination directions were combined to
produce the final shaded relief model. The
result of the modeling is presented in Figure 3.
The final shaded relief model would be the
basis for interpreting surface fault lineaments,

The subsurface interpretation made usc of

a 2D reflection seismic database and wells. 2D
scismic reflection database and the wells
would be tied by vertical seismic profiling
data. Data coming from the wells included

wireline logs, biostratigraphic reports, and

geochemical reports. Wireline logs and
biostratigraphic reports were used to create
chronostratigraphic units. Chronostratigraphic
units would enable seismic interpretation to
generate horizons based on ages and would
assist subsidence analysis to have less

uncertainties in assigning absolute ages. Since

seismic interpretation generated horizons
based on ages, moreover, palinspatic
reconstruction would display structural

configuration at the assigned ages.
Subsidence analysis was performed in
Sinamar-1 Well because it penetrated the deep
part of the basin. Subsidence analysis
considered  paleobathymetric  correction,
decompaction, and back-stripping.
Paleobathymetric correction and age would be
helped by biostratigraphic reports and the
biostratigraphic correlation chart of [9].

Besides chronostratigraphic units, wirelin¢
logs were used to generate pomgigy-lo-dcp‘h
curves for the basis of decompaction. On for
other hand, vitrinite reflectance data frf)m
geochemical reports were used for crosfon
estimation. The method used in €rosion
estimation referred to [10]. Going ﬁ'mh’cr.
subsidence analysis performed back-strlpp!ﬂg
to generate tectonic subsidence by removing
sediment load. Back-stripped used the
equation from [11] and removal of sediment

loads is compensated by Airy-type response.
Fault development was constructed by
remote sensing and subsurface interpretations
and with  palinspatic  reconstruction.
Palinspatic reconstruction helped to illustrate
structural  configurations through time.
Structural  configurations in  Eocene,
Oligocene, and Intra-Early Miocene were
illustrated. Insights derived from palinspatic
reconstruction were synthesized with the
overall structural framework of the basin.

RESULT AND DISCUSSION

The structural geology of the Ombilin
Basin was interpreted based on remote sensing
and reflection seismic data. Fault lineaments
observed from remote sensing and seismic
interpretations were integrated. Ombilin Basin
has three structural trends (Figure 8). They are
NW-SE, N-S, and NE-SW. NW-SE surface
fault lineaments were represented as Takung,
Palangki, Koto Baru, and Talawi Faults.
Another feature of the NW-SE trend is the
anticlinal ridge of Palangki in the southern part
of the basin. Tanjung Ampalo Fault forms an
escarpment of the N-S trend (Figure 8).
Subsurface structural trends are NW-SE and
NE-SW (Figure 8).
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Figure 8. Fault lineaments of the Ombilin Basin.

Seismic interpretations of SW-NE
sections show Ombilin Basin as inverted half-
graben tilting to the northeast. Figure 9 shows
the interpretation of Sinamar Anticline as a
positive flower structure. As a comparison,
Figure 10 shows the structural configuration
constructed by Sijunjung and X1 — X4 Faults,
and Palangki Anticline. Sinamar, Sijunjung,
and Palangki Anticlines are positive flower
structures, trending in the NW-SE direction.
Both sections also show that Eocene and

Oligocene Units thicken towards Sinamar and
Sijunjung Faults. In Figure 9, Intra-Early
Miocene Unit shows a relatively parallel
reflector, while the unit shows thickening
towards Sijunjung and X1 Faults in Figure 10.
On the other hand, Sinamar and Sijunjung
Faults dip in opposite directions, suggesting
that they are different subsidiaries of the
Takung Fault. Sinamar Fault acts as a synthetic
subsidiary of Takung Fault, while Sijunjung
Fault becomes antithetic one.
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Figure 9. Seismic interpretation of Sinamar Fault and Anticline.
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Seismic interpretation on NE-SW section
(Figure 11) runs along Sinamar Anticline.
Together with other faults, Y1 and Y2 Faults
outline the deepest part of the Ombilin Basin.
Y1 and Y2 Faults also display positive flower
structures. On the other hand, Eocene and

Nw Fauk
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Oligocene Units show thickness variation,
therefore, their deposition was
contemporaneous with fault activity. Intra-
Early Miocene Unit appears to have a parallel
reflector.

§57 SomSeamy2 [©

Figure 11. Seismic interpretation of Sinamar Anticline and Y1 — Y2 Faults,

Furthermore, subsidence analysis aimed
to illustrate basin evolution through geohistory
and back-stripped tectonic subsidence charts.
Geohistory chart incorporated sediment
thickness, age, paleo-bathymetry, and
reconstruction of eroded thickness in depicting
basin evolution. Back-stripped tectonic
subsidence, meanwhile, gives the estimate of
tectonic contribution in both subsidence and
uplift during basin evolution. Both charts help

understand basin evolution along with
knowledge derived from seismic
interpretation.

Geohistory chart of Ombilin Basin (Fi gure
12) illustrated the evolution of Ombilin Basin
from Middle Eocene to Recent. Rifting began
in Middle Eocene and continued until the Late
Oligocene. As expressed in seismic
interpretation (Figure 9-11), fault activity had
been contemporaneous with sedimentation
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in the Ombilin Basin came . .2n Orogeny

during Middle Focene w Late Oligocene - of

Ombilin Basin recorded terrestrial  Pliocene, as de the peak © 5]. Estimation
environment  from Middle Eocenc to Late occurred in that time rangc (Lzl'ata showed
Oligocene. Transient uplift and erosion in Late based on vitrinite reflectance sédim‘-’m
Oligocene removed about 585.5 meters of erosion of about 1151 mm ation of
Sediment thickness, as estimated from vitrinite  thickness. Considering the csi";‘_un Basin
reflectance data. Following the transient uplifi,  eroded thickness in both g Om' ll in Late
subsidence and deposition occurred during the reached a maximum depth o and
Early Miocene to Late Pliocenc. Marine Oligocene at approximately 3954 meters
depf)sition occurred during the Early Miocene  about 5279 meters in Late Pliocene.
lo, Interpretatively, Late Pliocene. Deposition

L

Agm 3

Figure 12. Geohistory chart of Ombilin Basin.

Back-stripping helped the reconstruction  earlier, operated in Middle Eocene to Late
of basin evolution in terms of interpreting  Oligocene. Such mechanism was terminated
subsidence mechanisms. With the knowledge by uplift and followed by thermal subsidence
from seismic interpretation, back stripped in the Early Miocene to Late Pliocene. The
tectonic subsidence could be used to determine  latest uplift of the Ombilin Basin occurred in
the phase of fault-controlled and thermal Late Pliocene to Recent, following the rise of
subsidence (Figure 13). Fault-controlled the Barisan Mountains.

subsidence in the Ombilin Basin, as stated

2000 —
}om £
a

a0

s

= =
Faultcontroled Subsstence 3 Thermal Suosaderce = J—
40 2 S ’
- Age (Ma)

Figure 13. Backstripped tectonic subsidence chart of Ombilin Basin_

Fault-controlled subsidence showed the Oligocene (Figure 12). Subsidence in the
variation of rates from Middle Eocene to Late  Middle Eocene operated at the rate of about
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Figure 14, Tectonic subsidence and uplift rates of Ombilin Basin,

As shown in Figure 15, a cross-plot
between the duration of subsidence and back-
stripped tectonic subsidence rate was created
to distinguish basin types [15]. In this cross-
plot, Ombilin Basin is regarded as a rift basin,

"This cross-plot gives insight of Ombilin Basin
evolution compared to other basins worldwide,
Further concern on Ombilin Basin subsidence
mechanisms will be provided in the discussion
part,
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Figure 15. Ombilin Basin is regarded as rift basin in this chart [16).

As previously claborated in subsidence
analysis, Middle Eocene to Late Oligocene
was marked by fault-controlled subsidence.
Palinspatic reconstruction goes in agreement
with that geologic event and shows that

structural  configurations during Middle
Eocene to Late Oligocene are dominated by
normal faulting (Figure 16). Oligocene
structural configuration reveals the

contribution of strike-slip components during

[5]
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Figure 16. Structural configuration in (a) Eocene; (b) Oligocene.

Ombilin Basin experienced uplift after
deposition of Oligocene Unit. The uplift is
illustrated as inversion of faults in the Ombilin
Basin. As drawn in Figure 17a, NW-SE faults
were reactivated to be reverse faults, while
NE-SW faults were reactivated as strike-slip
faults. This uplift made deposition of Intra-
Early Miocene Unit to have varying thickness.

The inversion had been transient, as it was
followed by thermal subsidence and
deposition. Late Pliocene inversion triggered
significant changes as it constructed Recent
structural configuration of the Ombilin Basin.
The changes from Intra-Early Miocene to
Recent illustrated development of flower
structures (Figure 17b).

Intra-Early Miocene

NW SE SW NE
Fault Fault Fault .
Y1 Y2 X4 X3 X2 X1 Sijunjung

Recent
Nw

i

Figure 17. Structural configuration in (a) Intra-Early Miocene; (b) Recent.

Dipindai dengan CamScanner


https://v3.camscanner.com/user/download

bt fin he
L P RPPR ],“
1t

Comsideratiog, on ot Ohligys Wity in Warisan Mounfains.
i -lf""_l/r[’; “ M, hanism ,/nl’ } 1"‘"[ Jreve

# "e ]
v/uhﬂl!mh Putra, of ol R e

Aldtiy

Ombilin 1y,
‘ ‘ WS hay NwW_or, -
A% miajoy SIC e W51 Islkmm Faly

ol the basin. 1

Henticanty BOVerne I o Fauly
' , . ( ‘ t

INVersion. Qi Whsidenge
B Sinamar umlSnjnnjunp Faul =
Subsidiarieg and can e Vs are iy

o ity fegarded g4 synthetic
€ Slructurey, fespectively, (i
: . Other

NW-SE faults o

s(mcmrctl:l&um be c.:n'lcm)rizcd s secondary
$ 1¢ Ombilin Basin, (

hand, N-S and NE-SW t'nul’l

cnntcnnmmnc(msly with

because sediment

towards (he three

n the other
% developed
Takung  Faul
"rr:mﬂ"f!cc:duimm thickened
aults in Middle Focene -
Late Oligocene, N-8§ and NIZ-S\;:/(I:ZU:;:(;::M
regarded to be transverse faults of the basin,
.Subsidcncc mechanisms in the Ombilin
Basin occurred ag fault-controlled subsidence
(Middle Eocene — Late Oligocene) and thermal
subsidence (Early Miocene — Late Pliocene).
Each subsidence mechanism was terminated
by uplift. Fault-controlled subsidence was also
expressed in seismic interpretation and
illustrated in Eocene — Oligocene structural
configuration. Oligocene Unit could be
distributed over N-S and NE-SW faults might
be caused by Takung Fault significant
contribution to subsidence. As mentioned
earlier, rate of fault-controlled subsidence was
accelerating from Middle Eocene to Late
Oligocene. Subsidence caused by Takung
Fault might outpace other faults to enable wide
distribution of Oligocene Unit. Moreover, the
onset of thermal subsidence in Ombilin Basin
was studied by [17]. The study revealed that
apatite fission track analysis in western Talawi
Sub-basin suggests that thermal cooling
operated in ~23 — 15 Ma (Early — Middle
Miocene) [17]. The time range of thermal
subsidence fits with backstripped tectonic
subsidence of this study.
In addition, thermal history of Talawi
Sub-basin was conducted and estimated the
total subsidence. The maximum depth of burial
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Comparison Of
world is
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important to determine basin type'bag dhes
subsidence mechanisms. Comparison

sin
other basins was conducted by using

compilations and criteria [16,18]. Regardlﬂ' g
the criteria for intracratonic rift, the tectonic
subsidence is commonly less than 2 km with
slow, long-lived subsidence of typically more
than 200 Ma [19]. Thermal subsidence is
significant in intracratonic basin, and its origin
as thermal decay is based on the geometry of
tectonic subsidence curve resembling seafloor
subsidence. Tn addition, strike-slip basins have
greater tectonic subsidence of 2 — 4 km.
Duration of subsidence is short, commonly
less than 10 Ma. Since heat is strongly
dissipated during fault-controlled subsidence,
strike-slip basins have insignificant thermal
subsidence. Ombilin Basin does not fulfill
slow, long-lived subsidence of intracratonic
basin but its duration of subsidence is far
longer than the common strike-slip basin.
Strike-slip component during oblique rifting
may be an explanation of such tectonic
subsidence duration. By considering the
criteria created by [19], cross-plot by [16], and
the study results, Ombilin Basin should be
regarded as oblique rift basin.

The idea of Ombilin Basin as inverted
oblique rift emerged from the synthesis of
subsidence mechanisms and fault
development. Subsidence mechanisms express
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that Ombilin Basin evolved
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Late Oligocene and
. pei of flower Structures  during
Inversion in Late Oligocene and Late Pliocene.
Thercfore, subsidence mechanisms and fault
development are in agreement to regard
Ombilin Basin as an inverted oblique rift.

—

CONCLUSIONS

Ombilin Basin is an inverted oblique rift
that is currently being part of the Barisan
Mountains, Sumatra, based on subsidence
mechanisms and  fault development.
Subsidence mechanisms in Ombilin Basin can
be divided as fault-controlled subsidence
(Middle Eocene — Late Oligocene) and thermal
subsidence (Early Miocene — Late Pliocene).
Each subsidence mechanism was terminated
by uplift. Ombilin Basin fits the criteria as a rift
basin in terms of duration of subsidence,
amount of tectonic subsidence, and the
evidence of thermal subsidence. Fault
development depicts the strike-slip component
during rifting and the development of positive
flower structures during inversion.
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