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 This study undertakes a comprehensive analysis of the geological conditions within a 

specific region, with a dual objective. Firstly, it aims to detail the geophysical attributes, 

structural aspects, and formation processes of the region. Secondly, it strives to establish 

a connection between the provenance, or origin, of the sedimentary materials in the 

region and its geological characteristics. The primary subjects of the research are the 

Waturanda and Penosogan Formations. These formations were selected due to their 

unique geological properties that offer insights into the geological history of the region. 

The primary method employed in the study was petrographic analysis. This technique, 

involving a microscopic examination of rocks, facilitated a detailed investigation into 

the rock samples from both formations, highlighting their mineralogical constitution and 

overall textures. The study also involved a thorough examination of the original rock or 

parent material of the Waturanda and Penosogan Formations. This analysis provided 

important information about their inherent geological attributes and formation 

processes. One of the key findings was the identification of the tectonic environment in 

which these formations were developed. The study revealed that the tectonic setting was 

a magmatic arc, specifically a dissected arc. This significant insight into the geological 

conditions has profound implications for understanding the geological evolution and 

history of the region, thereby enriching our knowledge of Earth's dynamic geological 

processes. 

 

 

1.  Introduction  

There have been numerous investigations on the connection between the genesis and composition of 

rocks[1]–[3]. These investigations have been quite successful in separating source terranes by the 

specific composition and tectonic setting[4]. It is recognized that the minerals can depict historical 

processes based on the QFL diagram[5]. The Sundaland plate's southernmost point is where Java Island 

is situated[6]. Movement between these plates has been taking place since the Late Cretaceous, and the 

Sundaland plate is an active edge moving convergently with the Indian Ocean plate[7]. The island of 

Java is made up of a complex of volcanic arcs, prisms, and subduction zones as a result of these tectonic 

movements, and it is also home to tertiary and quaternary volcanic formations[8]. The Pemanukan-

Cilacap fault and the Kebumen-Muria fault, which make up Java Island, are two significant faults [9]. 

 

Katili (1971) [10]asserts that Karangsambung is a part of the Cretaceous subduction zone based on the 

discovery of ophiolite rocks. [11] declares that this area served as a positive flower structure of a regional 

left shear fault that ran from northeast to southwest. As a result, rocks from the Pre-Tertiary to the 

Tertiary are exposed here[11], [12]. One of the formations in the Karangsambung region is the 

Penosogan Formation. Sandstones, mudstones, Tuffs, Marls, and Calcarenites make up this formation. 

The carbonate-type sandstone and claystone layers at the bottom give the structure its distinctive 

appearance. According to [13], this formation was formed in a marine environment with turbidite 

currents. 
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Figure 1. The compiled 3 regional geological maps as the location of the previous studies and this 

study [15], [16], [18]–[21]. 

 

Breccia with Andesite fragments and Sandstone made up the Waturanda Formation[14]. The Breccias 

are composed of gravel-sized andesitic particles in a matrix of coarse sand. According to [10], [13]this 

deposit dates from the Early Miocene Period [14]. The study was done by [15]. Metamorphic rock and 

volcanic rock make up the two sets of fragments that make up the original rock of the Waturanda 

Formation [15]. The authors have not discovered any studies about the provenance of the Penosogan 

Formation in the meantime, this paper aims to create a magmatic arc orogenic tectonic order based on 

petrographic analysis and a recycled orogenic tectonic order. 

 

[15], [16] explored the lithology of the Sandstone and Claystone, which are members of the Waturanda 

tuff, respectively, in their provenance studies of the Waturanda Formation. According to [15] research 

in the IA and IB research regions (Figure 1), two different types of pieces were discovered in the 

Waturanda Formation. Metamorphic rocks with the kinds of slate, phillite, quartzite, and chert were 

discovered in the IA region as fragments. The tectonic order in the region is therefore determined by the 

Qt-F-L and Qm-F-Lt diagrams to be Recycled Orogenic. In contrast, it was discovered that the fragments 

found in the IB region were igneous rocks of the Basalt-Andesite type. It is determined that the tectonic 

setting in the region is a Magmatic arc (transitional arc-dissected arc) based on the Qt-F-L and Qm-F-

Lt diagrams. K Feldspar minerals were found in large quantities in the petrographic incisions of 

sandstone samples according to research done by [16]. The Qt-F-L and Qm-F-Lt diagrams' plots reveal 

that the study area is a magmatic arc (transitional arc), according to the findings. The authors are thus 

interested in employing petrographic studies to investigate the provenance of the Waturanda and 

Penosogan Formations in the Wadasmalang and nearby regions, to learn more about the origins of the 

Karangsambung area's Waturanda and Penosogan Formations. 

 

2.  Methodology 

This study combined a thorough literature review with the analysis of field data, fostering a 

comprehensive understanding of the geological landscape. Surface geological information was compiled 

through mapping the study area, and rock samples from distinct formations were collected for detailed 

analysis. The resulting data, including mineral proportions and rock identification, guided the 

petrographic examinations. Each rock sample was meticulously prepared, sliced into thin sections, and 

examined under a polarizing microscope. This process enabled a precise study of the rock's internal 

structure and mineral composition. 
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The Gazzi-Dickinson method, a robust technique in petrographic studies, was employed for point 

counting of quartz, feldspar, and lithic minerals within each section. This detailed examination revealed 

insights into the mineralogical makeup of the rock samples, contributing significantly to the overall 

understanding of the region's geological conditions and processes. 

3.  Results 

3.1 Provenance of Waturanda and Penosogan Formation 

Provenance analysis is a method used to determine the source of a sedimentary rock[1], [4], [5]. The 

Sandstone composition is influenced of parameters such as the initial composition of the source rock, 

climate, tectonic setting, and depositional processes [17]. Tectonic processes affect the characteristics 

of lithology [14]. The study in this research area is the Waturanda and Penosogan Formation 

provenances. The aim is to determine the origin of the sedimentary rocks of the two formations and to 

interpret the tectonic setting in the area. In this research, researchers analyzed petrographically. In 

petrographic analysis, point counting was performed on 9 thin sections. The minerals counted include 

the mineral quartz (Q) which is divided into monocrystalline and polycrystalline quartz. Feldspar (F) 

which is differentiated into K feldspar and plagioclase feldspar, and lithic rock (L). Then the 

percentages and plots on the Qt-F-L and Qm-L-S diagrams. 

 

3.1.1 Waturanda Formation 

In this study, 3 rock samples were taken in the Waturanda Formation with sample codes A1, A2, and 

A3. The sandstone analyzed is Arenite type. The sandstone composition of this Formation is 36-41% 

quartz, 36-41% feldspar, and 23-26% rock fragments. The grain size is coarse sand (0.5-1 mm), 

Subangular grain shape, good sorting, point contact found between items. The matrix of the Waturanda 

formation consists of clay sizes, cement in the form of iron oxide. In the Waturanda Formation, there 

are various types of minerals that can be identified petrographically. In detail the minerals are described 

as follows. 

 

3.1.1.1 Quartz 

Quartz in this formation has a percentage of 36-41%. In this formation there is a type of quartz with 

monocrystalline. This quartz is characterized by the presence of 1 crystal, with the optical characteristics 

of the appearance under the microscope in the PPL condition, Colourless, Low relief, No pleochroism, 

Anhedral crystal form. In the XPL condition, i.e., first-order interference color, has no cleavage (Figure 

2). 

 

The monocrystalline quartz found is Undulatory and Non-undulatory Monocrystalline Quartz. There is 

not any polycrystalline quartz was found which is an indication of metamorphic rock in this formation. 

Strained monocrystalline quartz was found to have a percentage ranging from 3-4%, this indicates that 

this quartz was formed due to tectonic forces. 

 

 
Figure 2. A photomicrograph of Quartz monocrystalline in parallel polarization (PPL) (left), Quartz 

monocrystalline in cross polarization (XPL) (right). 
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Figure 3. The photomicrograph of Plagioclas Feldspar (PPL) (left), Plagioclas Feldspar (XPL) (right). 

 

3.1.1.2 Feldspar 

In this formation there is feldspar with a composition ranging from 36-41%. The feldspar found was of 

the Plagioclase feldspar type and the K Feldspar was of the Orthoclase type. Appearance of plagioclase 

feldspar minerals under PPL microscopy conditions, namely, Colourless, No Pleochroism, Moderate 

relief, Anhedral crystal form. 1st order interference color, and Carlsbad twinning. The presence of 

feldspar plagioclase minerals, indicates that the source of this rock is of volcanic origin. The K Feldspar 

mineral, viewed under a microscope under PPL conditions, has the appearance of Colourless, Low 

relief, No pleochroism. Appearance in XPL conditions, namely, Subhedral crystal form (Figure 3). 

 

3.1.1.3 Rock Fragment 

In the thin section of the Waturanda formation, it is dominated by rock fragments. Volcanic rock 

fragments. 0.3-1.9%. No metamorphic rock fragments were found. There are also unstable minerals 

which are still included in the rock fragment classification (L). Opaque minerals 13.2-19.2%. This 

mineral has an appearance in PPL and XPL, black and opaque. As well as pyroxene minerals 5.2-11.4%. 

This mineral has the appearance of PPL, Colorless, High Relief, Subhedral, Not have any pleochroisme, 

Have cleavage. 

 

3.1.2 Penosogan Formation 

In this study, 6 rock samples were taken in the Penosogan Formation, on Section 2 (B1, B2, and B3) 

and on Section 3 (C1, C2, and C3) The sandstones analyzed were of the Arenite and Wacke types. The 

sandstone composition of this Formation is 57-64% quartz, 26-32% feldspar, and 4-11% rock 

fragments. Subrounded grain shape, Good sorting, Point contact between grains found. In the 

Penosogan Formation, there are various types of minerals that can be identified petrographically 

 

3.1.2.1 Quartz 

Quartz in this formation has a percentage of 26-30%. In this formation there is monocrystalline Quartz. 

This quartz is characterized by the presence of 1 crystal, with the optical characteristics of the 

appearance under the microscope in the PPL condition, namely, Colourless, Low relief, No pleochroism, 

Anhedral crystal form. In the XPL condition, i.e., first-order interference color, has no cleavage. The 

monocrystalline quartz found is strained and non-strained monocrystalline quartz. Strained 

monocrystalline quartz is found to have a percentage of 1-6%. polycrystalline quartz was not in this thin 

section. 

 

3.1.2.2 Feldspar 

In this formation there is feldspar with a composition ranging from 60-68%. The feldspar found was of 

the Plagioclase feldspar type and the K Feldspar was of the Orthoclase type. Appearance of plagioclase 

feldspar minerals under PPL microscopy conditions, namely, Colourless, No Pleochroism, Moderate 

relief, Anhedral crystal form. The appearance of the XPL conditions is that there is a 1-way split, 1st 

order interference color, and Carlsbad twinning. The presence of feldspar plagioclase minerals, indicates 

that the source of this rock is of volcanic origin. The K Feldspar mineral, viewed under a microscope 

under PPL conditions,has the appearance of Colourless, Low relief, No pleochroism. 
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Figure 11. Plot the result on the diagram Qm-F-Lt dan Qt-F-L 

 

3.1.2.3 Rock Fragment 

The thin section in the Penosogan formation is dominated by rock fragments, in the form of volcanic 

rock fragments. 0-0.9%. No metamorphic rock fragments were found. There are also unstable  minerals 

which are still included in the rock fragment classification (L), 3.6-11.4% opaque minerals. This mineral 

has the appearance of PPL and XPL, which is black and opaque. As well as pyroxene minerals 0-2.8%. 

This mineral has the appearance of PPL, Colourless, High relief. No pleochroism. The appearance of 

XPL is that there is a 1-way split, 2nd order interference color. 

 

3.2 Plot on the Dickinson and Suczeck Diagram 

To obtain the origin of sedimentary rocks, the composition of the minerals is calculated using point 

counting and then the percentage is calculated. The percentage results were then plotted on the Qt-F-L, 

Qm-F-Lt triangle diagram. 

4.  Dicussion 

In the Waturanda Formation, it was found that the Provenance of this formation originates from the 

Magmatic arc (Dissect arc). This is shown in the plot diagram of [22]. The area is petrographically 

characterized by the abundance of monocrystalline quartz, feldspar in the form of plagioclase, and lithic 

volcanic rocks. The Waturanda Formation is the result of active volcanic activity during the Oligocene 

- early Miocene. In the Penosogan Formation, it was found that the Provenan of this formation is based 

on the plot on the Dickinson diagram, the Magmatic arc (Dissected arc). 

 

Based on petrographic analysis, it was found that there were Opaque Minerals, Pyroxene Minerals, 

Volcanic Liths, and also plagioclase indicating that the origin of these rocks came from volcanic areas. 

The sub angular grain shape indicates that the rock was not transported far from the source rock. The 

different charracteristic between Waturanda and Penosogan Formation on the thin section are size of the 

mineral. The mineral of Waturanda formation is bigger than Penosogan Formation. It causes that 

Waturanda was first formed than Penosogan formation. Penosogan formation was formed it cause 

erossion of Waturanda formation. 

 

5.  Conclusion 

In the Waturanda and Penosogan formations, there are rock fragments, opaque minerals, glass 

minerals, pyroxene minerals and plagioclase of the Carlsbad type. This indicates that the origin of the 

two formations is Volcanic Rock. After calculating quartz, feldspar, and also lithic minerals, then 

plotting them on the QtFL and QmFL diagrams, it is found that the tectonic setting of the Waturanda 

and Penosogan Formations is a Dissected arc (Magmatic arc). 

 

 



 

Journal of Earth and Marine Technology (JEMT) / ISSN 2723-8105 | 129  

Acknowledgment 

The author extends profound gratitude to the Department of Geological Engineering at Jenderal 

Soedirman University. Their invaluable assistance, provision of essential references, and unwavering 

support have been instrumental in bringing this research to fruition. Their contributions have enriched 

this study immensely and have played a crucial role in its successful completion. 

 

References: 

[1] W. R. Dickinson, “Interpreting provenance relations from detrital modes of sandstones.,” Proven. 

arenites. Proc. Cetraro, Cosenza, 1984, pp. 333–361, 1985, doi: 10.1007/978-94-017-2809-

6_15/COVER. 

[2] J. N. Gifford, B. F. Platt, L. D. Yarbrough, A. M. O’reilly, and M. Al Harthy, “Integrating 

petrography, x-ray fluorescence, and u-pb detrital zircon geochronology to interpret provenance 

of the mississippian hartselle sandstone, USA,” J. Geol., vol. 128, no. 4, pp. 337–370, 2020, doi: 

10.1086/709700. 

[3] A. K. Gibran, A. Kusworo, J. Wahyudiono, and E. B. Purwasatriya, “Proses Diagenesis Batupasir 

Formasi Kanikeh, Seram Bagian Timur,  Maluku, Indonesia,” J. Geol. dan Sumberd. Miner., vol. 

23, no. 2, pp. 113–122, Aug. 2022, doi: 10.33332/JGSM.GEOLOGI.V23I2.412. 

[4] S. Critelli, F. Muto, F. Perri, and V. Tripodi, “Interpreting provenance relations from sandstone 

detrital modes, southern Italy foreland region: Stratigraphic record of the Miocene tectonic 

evolution,” Mar. Pet. Geol., vol. 87, pp. 47–59, Nov. 2017, doi: 

10.1016/J.MARPETGEO.2017.01.026. 

[5] S. Critelli and M. Martín-Martín, “Provenance, paleogeographic and paleotectonic interpretations 

of Oligocene-Lower Miocene sandstones of the western-central Mediterranean region: A review,” 

J. Asian Earth Sci. X, vol. 8, Dec. 2022, doi: 10.1016/j.jaesx.2022.100124. 

[6] T. O. Simandjuntak and A. J. Barber, “Contrasting tectonic styles in the neogene orogenic belts 

of Indonesia,” Geol. Soc. Spec. Publ., vol. 106, pp. 185–201, 1996, doi: 

10.1144/GSL.SP.1996.106.01.12. 

[7] M. M. Mukti, S. Aribowo, and A. Nurhidayati, “Origin of mélange complexes in the Sunda and 

Banda arcs: Tectonic, sedimentary, or diapiric mélange,” IOP Conf. Ser. Earth Environ. Sci., vol. 

118, no. 1, 2018, doi: 10.1088/1755-1315/118/1/012003. 

[8] J. A. Katili, “Geochronology of West Indonesia and its implication on plate tectonics,” 

Tectonophysics, vol. 19, no. 3, pp. 195–212, Oct. 1973, doi: 10.1016/0040-1951(73)90019-X. 

[9] A. H. Satyana, “Central Java, Indonesia – A ‘Terra Incognita’ in Petroleum Exploration: New 

Considerations on the Tectonic Evolution and Petroleum Implications,” 2007. 

[10] J. A. Katili, “A review of the geotectonic theories and tectonic maps of Indonesia,” Earth-Science 

Rev., vol. 7, no. 3, pp. 143–163, Aug. 1971, doi: 10.1016/0012-8252(71)90006-7. 

[11] E. B. Purwasatriya, S. S. Surjono, and D. H. Amijaya, “New paradigm to understanding turbidite 

sediment in Banyumas basin,” AIP Conf. Proc., vol. 2094, no. 1, Apr. 2019, doi: 

10.1063/1.5097478/951821. 

[12] P. S. Putra and Praptisih, “Umur Relatif Batuan Asal Sedimen Olisostrom Formasi 

Karangsambung, Kebumen, Jawa Tengah,” vol. 17, no. 1, 2020, doi: 

10.33332/jgsm.geologi.21.1.25-31. 

[13] C. Ansori, N. I. Setiawan, I. W. Warmada, and H. Yogaswara, “Identification of geodiversity and 

evaluation of geosites to determine geopark themes of the Karangsambung-Karangbolong 

National Geopark, Kebumen, Indonesia,” Int. J. Geoheritage Park., vol. 10, no. 1, pp. 1–15, Mar. 

2022, doi: 10.1016/J.IJGEOP.2022.01.001. 

[14] E. B. Purwasatriya, A. K. Gibran, M. R. Aditama, and G. Waluyu, “Sedimentologi dan 

Tektonostratigrafi Formasi Halang di Cekungan Banyumas serta Potensinya untuk Reservoir 

Hidrokarbon,” J. Geol. dan Sumberd. Miner., vol. 22, no. 3, pp. 153–163, Sep. 2021, doi: 

10.33332/JGSM.GEOLOGI.V22I3.640. 

[15] A. Krisnabudhi and R. I. R. Pratama, “Tectonic Event Trailing Based on Fragments of Waturanda 

Formation , Wadasmalang , Karangsambung , Central Java,” Jt. Conv. Balikpapan 2015 HAGI-

IAGI-IAFMI-IATMI, no. October, pp. 1–6, 2015. 

[16] H. N. Aini, I. Syafri, and A. Patonah, “Provenance Batupasir dan Batulempung Anggota Tuf 

Formasi Waturanda, Daerah Kebumen, Jawa Tengah,” Padjajaran Geosci. J., vol. 3, no. 4, pp. 



 

Journal of Earth and Marine Technology (JEMT) / ISSN 2723-8105 | 130  

271–280, 2019. 

[17] A. K. Gibran, A. Kusworo, J. Wahyudiono, H. L. Sunan, D. N. Aeni, and A. Alghazali, “Reservoir 

Characteristic of Triassic Sandstone, Eastern Seram, Maluku, Indonesia,” IOP Conf. Ser. Mater. 

Sci. Eng., vol. 982, no. 1, 2020, doi: 10.1088/1757-899X/982/1/012045. 

[18] W. R. Dickinson, “Provenance and Sediment Dispersal in Relation to Paleotectonics and 

Paleogeography of Sedimentary Basins,” pp. 3–25, 1988, doi: 10.1007/978-1-4612-3788-4_1. 

[19] S. Asikin, A. Handoyo, B. Pratistho, and S. Gafoer, “Geological Map of Banyumas Jawa,” 

Bandung, 1992. 

[20] S. Asikin, A. Handoyo, H. Busono, and S. Gafoer, “Geological Map of The Kebumen Quadrangle 

Jawa.” Geological Research And Development Centre, Bandung, 1992. 

[21] W. H. Condon, L. Pardyanto, K. B. Ketner, T. C. Amin, S. Gafoer, and H. Samodra, “Geological 

Map of The Banjarnegara and Pekalongan Sheet, Jawa.” Geological Research And Development 

Centre, Bandung, 1996. 

[22] C. A. Dickinson, W. R., & Suczek, “Plate tectonics and sandstone compositions,” Am. Assoc. Pet. 

Geol. Bull., vol. 63, no. 12, pp. 2164–2182, 1979, Accessed: May 31, 2023. [Online]. Available: 

https://pubs.geoscienceworld.org/aapgbull/article-abstract/63/12/2164/37163 

 


