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Article info Abstract
Received: The study of the sedimentary rocks from the Lemat Formation in Bukit
Jan 28, 2025 Tigapuluh, particularly in the Lubuk Lawas and Lubuk Bernai Areas, aims
Revised: to clarify and provide an overview of the formation’s history and the
Feb 4, 2025 evolution of Paleogene stratigraphy within the Jambi Subbasin. Provenance
Accepted: analysis was concluded using petrographic analysis to determine the
Feb 5, 2025 classification of sandstone types, source rock characteristics and tectonic
Published: order. Sandstones in the Lubuk Lawas and Lubuk Bernai areas are classified
Feb 6, 2025 into Lithic arkose, arkosic, subarkose, felspathic litharenite, silty claystone,
sublitharenite and subarkosic wacke. Petrographic data revealed that these
Keywords: sandstones originated from a tectonic setting within the recycled orogenic
Provenance, Lemat zone, with sub-zones varying between quartzose recycled, transitional
Formation, recycled and mixed. This variation indicates a combination of primary source
Sandtone, Jambi rocks and recycled orogens. Paleocurrent data derived from the sedimentary
Subbasin structures of sandstones in the Lubuk Bernai area suggest deposition

directions from the southwest and southeast.

1. Introduction

Geographically, the study area located in West Tanjung Jabung Regency, Jambi Province, within the
South Sumatra Basin, specifically in the Jambi Subbasin, which was formed as part of a back-arc basin
(Figure 1). The stratigraphy of the South Sumatra basin generally consists of a single large sedimentation
cycle, starting with a transgression phase and ending with a regression phase [1]-[3]. The geology and
stratigraphy of the South Sumatra Basin have been extensively studied [4], [5]. According to Daryono
[5], the Tertiary stratigraphic nomenclature of the South Sumatra Basin has been described in detail, but
challenges remain in understanding the stratigraphic relationship of Paleogene rocks in this region. This
difficulty arises because Paleogene rocks in the basin are predominantly terrestrial deposits, making it
challenging to determine their age using fossil content, development, changes, distribution and origin or
source of each lithological unit. The South Sumatra Basin exhibits a diverse range of rocks, geological
structures, morphogenesis, and geological history, making it a fascinating area of study [6]. Among the
notable formations exposed in this region is the Lemat Formation, which is the primary focus of this
research.

The Lemat Formation features outcrops of clastic sedimentary rocks, ranging grom mudstone to
tuffaceous sandstone [7], [8]. These clastic rocks comprise various compositions derived from source
rocks, which may include igneous and metamorphic rocks or reworked sediments. To uncover the origin
of these rocks and their paleogeographic implications, provenance analysis is essential. Provenance
analysis involves examining petrographic parameters (Table 1) such as lithic composition, mineralogy,
and texture to deduce the source area, tectonic setting, paleoclimate, paleocurrent and transportation
history of siliciclastic sedimentary rocks [9]. Consequently, this study aims to conduct a provenance
analysis of the Lemat Formation in Bukit Tigapuluh to address the unresolved questions surrounding
Paleogene sediments in the South Sumatra Basin. Specifically, the research seeks to determine the
paleogeography of the Lemat Formation deposits in West Tanjung Jabung Regency, Jambi Province,
within the Jambi Subbasin.
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Figure 1. Geological map of the research area, Bukit Tigapuluh National Park, West Tanjung Jabung
Regency, Jambi Province [16].

The South Sumatra Basin is primarily located onshore in Sumatra, Indonesia. The study area is situated
in the northern part of the Jambi Subbasin. The Jambi Subbasin is bordered by the Tigapuluh Mountains
to the north, the Duabelas Mountains to the south, the Barisan Mountains to the west and the Sunda
Shelf to the east [7].

The lithostratigraphic nomenclature of the South Sumatra Basin, particularly for Paleogene deposits,

varies among researchers. These differences are related to the characterization of pre-rift, syn-rift, and
post-rift Paleogene sequences [10], [11]. According to Daryono [5], the stratigraphy of the South
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Sumatra Basin consists of the following units, listed from the oldest to youngest: Pre-Tertiary Rocks,
Kikim Formation, Lahat Group (the Lemat Formation and Benakat Formation), Telisa Group (Tanjung
Baru Formation, Talangakar Formation, Gumai Formation, and Baturaja Formation), Palembang Group
(the Air Benakat Formation, Muara Enim Formation, and Kasai Formation) and Quaternary sediments.

The Lemat Formation is interpreted as an Early Oligocene syn-rift sequence deposited in paleo-lows or
grabens and is absent in paleo-highs, particularly in horst-type structures. This formation consists of
alternating non-marine sandstone, siltstone and shale, which transition into shale in deeper basin areas
[12]-[14]. In some regions, the Lemat Formation contains tuffaceous materials. The Sumatra Island is
believed to have formed through the collision and suturing of microcontinents during the Late Pre-
Tertiary period [1], [15]. Four main geological structural patterns are observed in the study area, namely:
The Sunda Pattern, trending north-south, The Lematang Pattern, trending west-northwest to east-
southeast (WNW-ESE), the Jambi Pattern, trending northeast-southwest (NE-SW), and the Sumatra
Pattern, trending southeast-northwest (SE-NW).

2. Methodology

Field mapping was conducted in the Bukit Tigapuluh area, West Tanjung Jabung Regency, Jambi
Province (Figure 1), focusing on the Lubuk Lawas and Lubuk Bernai areas. A total of 22 rock samples
were collected for petrographic analysis to study provenance. These samples included black shale,
carbonaceous siltstone, tuffaceous siltstone, carbonaceous sandstone, and tuffaceous sandstone. The
samples were collected using a purposive sampling method, a technique that selects samples based on
specific criteria considered representative of the population, along a measured stratigraphic cross-
section.

Detailed analysis of lithology was carried out using the petrographic thin section method which was
observed based on cross nicol and parallel nicol using a Brunel SP75P type microscope with a
magnification of 4 to 25 times. Provenance analysis of the sandstone samples was performed by
calculating the composition of quartz grains (Q), feldspar (F) and lithic fragments (L) greater than 0.03
mm in size. A minimum of 300 grains were analyzed per sample, following the methodology outlined
by Dickinson [9]. The percentages of Q, F, and L were plotted on a ternary diagram based on the
classification scheme developed by Dickinson and Suczek [9], [17] to interpret the provenance of the
sandstone samples.

The classification of sandstones was performed using the QFL plot technique. The major detrital
components of the rock samples were calculated and normalized to 100% (Tables S2 and S3). The QFL
diagram, illustrating the proportions of quartz, feldspar, and lithic fragments, was plotted following the
methodology of Dickinson and Suezek [17] (Figures 4 and 5).Quartz grains identified in the samples
included both monocrystalline and polycrystalline varieties. Feldspar grains were further categorized
into alkali feldspars (orthoclase and microcline) and plagioclase, with plagioclase being the predominant
type. Lithic fragments were classified into three groups: sedimentary lithics, volcanic lithics, and
metamorphic lithics.

Table 1. Parameter used

Q Quartz
Qm Monocrystalline quartz
Qp Polycrystalline quartz

Total feldspar grains (Plagioclas +
F Kfeldspar)
L Lithic fragments (Lv + Ls + Lsm)
Lt L + Polycrystalline quartz
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Figure 2. Photos: (a) Quarzt sandstone with planar cross-bedding structure, (b) Medium-grained
quarzt sandstone with bedding structure, (c) Tuffaceous quarzt sandstone with massive structure, (d)
Fine-grained quarzt sandstone with ripple lamination structure, (e) Pebbly quarzt sandstone with
parallel bedding structure, (f) (upper part) Conglomerate with massive structure, and (lower part)
Coarse tuffaceous quarzt sandstone with massive structure.

3. Results & Discussions

3.1. Petrography

The sandstones from the Lubuk Lawas and Lubuk Bernai areas were predominantly composed of quartz
and lithic fragments (Figure 2a-f). Quartz grains were primarily monocrystalline, with smaller amounts
of polycrystalline quartz. These grains varied from angular to rounded in shape and display point
contacts. The lithic fragments were mainly derived from sedimentary and volcanic sources. Chert,
granitic fragments, and metaquartzite were commonly observed in almost all samples, while calcite
cement was present in some samples (Figure 3a-f). The sandstones in the Lubuk Lawas and Lubuk
Bernai areas were classified as lithic arkose, arkosic, subarkose, feldspathic litharenite, silty claystone,
sublitharenite, and subarkosic wacke.

3.2. Mineral Composition

The petrographic analysis data for all samples were summarized in Table 2 (in the appendix part) for
Lubuk Lawas area and in Table 3 for Lubur Bernai area. Quartz, observed in both monocrystalline and
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polycrystalline forms, was the most abundant mineral, with total quartz composition ranging from
32.71% to 85%. Quartz grains were angular to subrounded. Monocrystalline quartz dominated and was
likely derived from plutonic and volcanic igneous rocks. In contrast, polycrystalline quartz, which
represented recrystallized quartz, was predominantly sourced from metamorphic rocks.

Feldspar was present in smaller amounts, ranging from 5.9% to 30.51%, making it the least abundant
mineral compared to quartz and lithic fragments. K-feldspar was more dominant than plagioclase in all
samples. The relatively low feldspar content compared to quartz and lithics suggested significant
transport distance, during which feldspar minerals underwent extensive weathering. Rock fragments
(lithics) accounted for 0.00% to 49.53%, making them the second most abundant detrital component
after quartz. The identified lithics included volcanic, sedimentary, and metamorphic types. Sedimentary
lithics consisted of chert, sandstone, and mudstone. Volcanic lithics included fragments of volcanic
rocks and granite, while metamorphic lithics comprised metaquartzite and schist. The distribution of
lithic fragments was relatively uniform across all samples.

observed, such as limestone fragments (LI), metamorphic fragments (Lm), volcanic fragments (Lv)
with plagioclase (PI) and monocrystalline quartz (Qz). (b) Lithic arkose, (c) Sublitharenite, (d)
Subarkosic wacke, (e) Arkose, (f) Subarkosic.
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Figure 4. QFL triangle diagram and QmFLt diagram showing the average tectonic origin of studied
sandstones in the Lubuk Lawas area [17].

3.3. Provenance

The abundance of quartz grains with straight extinction suggested that granite rocks were a major
component in the source area for Lubuk Lawas area (Figure 4). Quartz grains exhibiting undulose
extinction and/or inclusions indicated their origin from metamorphic source areas. The presence of K-
feldspar and plagioclase fragments further suggested that the source area was derived from igneous
rocks. Additionally, sedimentary and metamorphic fragments pointed to the presence of metasediments
and metamorphic processes in the source area. Dickinson and Suczek [17] proposed that the average
composition of sandstone grains from various source areas, influenced by plate tectonic processes, can
be analysed using QFL (quartz, feldspar, lithic fragments) and QmFLt (monocrystalline quartz, feldspar,
total lithic fragments) diagrams. Sample data from the Lubuk Lawas and Lubuk Bernai areas were
presented in Tables S2 and S3. The QFL and QmFLt diagram plots revealed that the 22 analysed samples
indicated a provenance from the tectonic setting of the orogenic recycled zone, for Lubuk Bernai area
(Figure 5). The QmFLt plot showed that the samples were distributed across sub-zones, reflecting
variations from quartzose recycled, transitional recycled, and mixed. This suggested a mixture of
primary source rocks and recycled orogens.
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Figure 5. QFL triangle diagram and QmFLt diagram showing the average tectonic origin of studied
sandstones in the Lubuk Bernai area [17].

Journal of Earth and Marine Technology (JEMT) / ISSN 2723-8105 | 106



=

Figure 6. (a) Cross bedding sedimentary structure wth direction N55°E, (b) Low ngle cross bedding
sedimentary structure with direction N110°E, (c) Plannar crossbedding sedimentary structure with
direction N125°E.

3.4. Paleocurrent

The observed sedimentary structures provided valuable insights into the paleocurrents during
deposition. In the Lubuk Bernai sandstone, sedimentary structures such as crossbedding with a direction
of N 55°E, low angle crossbedding with a direction of N 110°E, and planar crossbedding with a direction
of N125°E indicated paleocurrent directions. These structures suggested deposition occurred from the
Southwest to the Northeast (Figure 6a) and from the Southeast to the Northwest (Figures 6b and 6c¢).
The deposits were interpreted to have been transported and deposited predominantly by water.

4. Conclusion

The quarzt sandstone of the Lemat Formation in the Lubuk Lawas and Lubuk Bernai areas has been
classified into several types, including lithic arkose, arkosic, subarkose, feldspathic litharenite, silty
claystone, sublitharenite, and subarkosic-wacke. All sandstones were composed of mixed detritus
derived from igneous, sedimentary, and metamorphic sources. The provenance of these sandstones
indicated a tectonic setting from the recycled orogenic zone, with sub-zones that varied from quartzose
recycled, transitional recycled, to mixed, suggesting a mixture of primary source rocks and recycled
orogens, subprovenance foreland uplift. Additionally, paleocurrent analysis based on sedimentary
structures in the Lubuk Bernai area showed deposition directions from the Southwest and Southeast in
fluvial environments. The composition of the sandstone is thought to come from pre-Tertiary rocks in
the Bukit Tigapuluh Mountains itself. The abundance of sandstone from the Lemat Formation acts as a
reservoir rock which is the main target for oil and gas exploration in subsequent research.

Acknowledgment

The author would like to thank the Dean of FTME UPN "Veteran" Yogyakarta, Dr. Ir. Basuki Rachmat,
M.T., for granting permission to conduct this research. Special thanks are also extended to Afrilita,
Koesdaryanto, and Bodi Sagara for their assistance in data collection and rock sampling in the field
during the research.

References:

[1] A. J. Barber, M. J. Crow, and J. S. Milsom, Sumatra: Geology, Resources and Tectonic
Evolution. Geological Society of London, 2005.

[2] I Metcalfe, “Tectonic Evolution of Sundaland,” Bull. Geol. Soc. Malaysia, vol. 63, pp. 27-60,
Jun. 2017, doi: 10.7186/bgsm63201702.

[3] S.J. Hutchings and W. D. Mooney, “The Seismicity of Indonesia and Tectonic Implications,”
Geochemistry, Geophys. Geosystems, vol. 22, no. 9, p. e2021GC009812, Sep. 2021, doi:
10.1029/2021GC009812.

[4] S. K. Daryono, S. Sutanto, C. Prasetyadi, and E. T. Paripurno, “Architecture Elements of the
Lemat Formation of the Lubuk Bernai Region, Batang Asam District, Tanjung Jabung Barat
Regency, Jambi Province,” J. Earth Mar. Technol., vol. 3, no. 1, pp. 1-10, Oct. 2022, doi:
10.31284/j.jemt.2022.v3i1.3396.

[5] S. K. Daryono, C. Prasetyadi, E. T. Paripurno, and A. Z. Faozi, “Palynostratigraphy and
Paleoenvironment of Bukit Tigapuluh Area in the Jambi Subbasin from Oligocene to Miocene,”
J. Geosci. Environ. Prot., vol. 12, no. 9, pp. 113-151, 2024, doi: 10.4236/gep.2024.129007.

Journal of Earth and Marine Technology (JEMT) / ISSN 2723-8105 | 107



(6]

[7]

(8]

9]
[10]

[11]

[12]

[13]

[14]

[19]

[16]

[17]

D. Pramudito, D. Nugroho, M. Abdurrachman, and M. Abdurrachman, “Reservoir
Characterization And Compartment In Postrift Deposited, Upper Talangakar Formation, Belut
Field, South Sumatra Basin,” Bull. Geol., vol. 5, no. 2, pp. 638-651, Jul. 2021, [Online].
Available: https://buletingeologi.com/index.php/buletin-geologi/article/view/106.

S. K. Daryono, Afrilita, and Idarwati, “Facies Analysis from Kikim Formation in Garba
Mountain , South Palembang Subbasin,” MTG Sci. J., vol. 14, no. 02, pp. 64-75, 2023, doi:
https://doi.org/10.31315/jmtg.v14i2.11854.

Y. Z. Rochmana, I. Idarwati, H. Harnani, and E. D. Mayasari, “Characteristic and Provenance of
Talang Akar Formation Sandstone, Sukamoro Area, South Sumatera,” J. IPTEK, vol. 27, no. 1,
pp. 71-78, May 2023, doi: 10.31284/j.iptek.2023.v27i1.4434.

W. R. Dickinson, “Interpreting Provenance Relations from Detrital Modes of Sandstones,” in
Provenance of Arenites, G. G. Zuffa, Ed. Dordrecht: Springer Netherlands, 1985, pp. 333-361.
A. Haris, “Integrated Geological and Geophysical Approach to Reservoir Modeling: Case Study
of Jambi Sub-basin, Sumatra, Indonesia,” J. Geol. Soc. India, vol. 95, no. 2, pp. 197-204, Feb.
2020, doi: 10.1007/s12594-020-1410-7.

J. Julikah, G. Rahmat, A. B. Wicaksono, and J. Anwari, “Shale Plays Characterization of the
Talang Akar Formation in the Jambi Sub-Basin, South Sumatra Basin,” Sci. Contrib. Qil Gas,
vol. 43, no. 3, pp. 99-114, Dec. 2020, doi: 10.29017/SC0OG.43.3.517.

R. Setyawan, E. A. Subroto, B. Sapiie, R. Condronegoro, and B. Syam, “Shale Gas Potential in
Jambi Sub-Basin, Indonesia: Insights from Geochemical and Geomechanical Studies,” J. Geosci.
Eng. Environ. Technol., vol. 5, no. 2, pp. 94-102, Jun. 2020, doi: 10.25299/jgeet.2020.5.2.4191.
T. F. K. Ngoroyemoto, “Evaluating the Implications of Lineaments on Petroleum Fields: South
Sumatra, Indonesia,” J. Appl. Geol., vol. 6, no. 2, p. 77, 2021, doi: 10.22146/jag.58161.

M. H. H. Zajuli, ST.,MT, I. Nurdiana, and T. Ramli, “Karakteristik Geokimia Organik dan Indeks
Kegetasan Serpih Berumur Eosen-Oligosen di Sub Cekungan Jambi, Cekungan Sumatera
Selatan,” J. Geol. dan Sumberd. Miner., vol. 24, no. 1, pp. 11-22, Dec. 2022, doi:
10.33332/jgsm.geologi.v24i1.725.

Idarwati, H. S. Purwanto, E. Sutriyono, C. Prasetyadi, and S. N. Jati, “History Woyla Arc of the
Garba Complex: Implications for Tectonic Evolution of the South Sumatra Region, Indonesia,”
J. Geosci. Environ. Prot., vol. 09, no. 12, pp. 118-132, 2021, doi: 10.4236/gep.2021.912008.
S. K. Daryono, A. Afrilita, and 1. Idarwati, “Deposition Environment Interpretation of Lemat
Formation in the West Tanjung Jabung, Jambi Province,” J. Earth Mar. Technol., vol. 4, no. 2,
pp. 240-254, Mar. 2024, doi: 10.31284/j.jemt.2024.v4i2.5626.

W. R. Dickinson and C. A. Suczek, “Plate Tectonics and Sandstone Compositions,” Am. Assoc.
Pet. Geol. Bull., vol. 63, no. 12, pp. 2164-2182, 1979, doi: 10.1306/2F9188FB-16CE-11D7-
8645000102C1865D.

Journal of Earth and Marine Technology (JEMT) / ISSN 2723-8105 | 108



Appendix

Table 1. Quartz, Feldspar, and Lithics sandstone calculation data in the Lubuk Lawas Area.

ID Rock Name Quartz Feldspar Lithics Mineral composition (%)  Mineral composition (%)
Total
Code (after Folk, 1980)  Om Qp K-feld Plg Ls Lv  Lm Qt F L Qm F Lt
Feldspathic
L litharenite 30 2.8 3.6 24 112 2.4 3.2 55.6 58.99 10.79 30.22 53.96 10.79 35.25
K Siltstone 392 28 4.8 28 112 2.4 3.2 66.4 63.25 1145 2530 59.04 1145 29.52
J Subarkose 452 7.6 2.8 0.8 3.6 3.2 2.4 65.6 80.49 549 14.02 68.90 549 2561
Feldspathic
I litharenite 8.8 5.2 4.4 3.2 9.2 4.4 7.6 42.8 3271 17.76 4953 20.56 17.76  61.68
H Arkosic 224 9.6 7.2 0.8 3.2 13.2 84 64.8 4938 1235 38.27 34.57 12.35 53.09
G Subarkosic wacke 452 56 5.6 1.2 2.4 3.2 2 65.2 7791 1043 11.66 69.33 1043 20.25
F Arkosic 276 4.8 7.2 6.4 1.6 3.2 0 50.8 63.78  26.77 9.45 5433  26.77 18.90
E Lithic arkose 21.6 8 6 2 4.4 8.4 5.6 56 52.86 1429 3286 38.57 1429 47.14
D Arkosic 184 5.6 6.4 4.8 5.2 3.2 9.6 53.2 4511 21.05 33.83 34.59 21.05 44.36
C Subarkose 128 276 3.6 0 6.8 4.8 13.6  69.2 58.38 520 3642 18.50 520 76.30
B Lithic arkose 352 7.2 5.2 2.8 4.8 4 6 65.2 65.03 12.27 2270 53.99 12.27 33.74
A Lithic arkose 16 6.4 6.4 4 2 2.8 6.4 44 50.91 2364 2545 36.36 23.64 40.00

Journal of Earth and Marine Technology (JEMT) / ISSN 2723-8105 | 109



Table 2. Quartz, Feldspar, dan Lithics sandstone calculation data in the Lubuk Bernai Area.

ID Rock Name Quiartz Feldspar Lithics Mineral composition (%)  Mineral composition (%)
Total
Code  (afterFolk,1980) om Qp K-feld Plg  Ls Lv Lm Qt F L Qm F Lt
J Arkosic 252 2.8 9.2 3.2 4 108 5.2 60.4 46.36 2053 33.11 4172 2053 37.75
I Subarkose 452 4.8 3.2 1.6 2.8 4 2.4 64 78.13 750 1438 70.63 750 21.88
Feldspathic

H litharenite 88 5.2 4.4 3.2 9.2 4.4 2.8 38 36.84 20.00 43.16 23.16 20.00 56.84
G Silty claystone 6.8 0 1.2 0 0 0 0 8 85.00 15.00 0.00 85.00 15.00 0.00
F Sublitharenite 264 124 24 0.8 5.6 2 7.2 56.8 68.31 5.63 26.06 46.48 5.63 47.89
E Subarkosic wacke 29.6 6 2.8 0.4 4.4 2 6.4 51.6 68.99 6.20 2481 57.36 6.20 36.43
D Arkosic 296 5.2 6.4 3.2 2.8 3.2 0 50.4 69.05 19.05 1190 58.73 19.05 22.22
C Subarkose 444 3.6 5.2 2.8 1.6 2.8 2 62.4 76.92 1282 1026 7115 12.82 16.03
B Arkosic 224 9.6 7.2 0.8 3.2 13.2 84 64.8 4938 12.35 38.27 3457 12.35 53.09
A Arkosic 184 6.4 9.6 3.2 2.4 13.2 6.4 59.6 4161 2148 36.91 30.87 2148 47.65
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