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 Detailed petrographic characterization aimed at constraining the metamorphic 

evolution of the Tarap Formation remains limited. This study presents 

petrographic analyses of 11 metamorphic rock samples collected from the Tarap 

Formation in OKU Selatan, South Sumatra. The results identify a range of 

metamorphic rock types, including metalimestone, metasiltstone, calcite–

chlorite marble, muscovite–quartz phyllite, quartz–muscovite schist, 

muscovite–chlorite schist, and quartz–hornblende schist. The protoliths 

identified were calcareous rocks, quartz–feldspathic sandstones, and shales, 

which may be lithologically correlated to the Kuantan Formation and 

Gunungkasih Complex. The metamorphic facies identified are sub-greenschist, 

greenschist, and lower amphibolite facies. Prograde metamorphism and the 

subsequent development of mylonitic texture that overprints the main foliation 

are interpreted to be possibly related to the tectonic evolution of Sumatra during 

the Early Cretaceous, particularly subduction of the Ngalau Ocean (Meso-

Tethys) beneath the Sundaland margin (West Sumatra). The subsequent arc-

continent collision from the Late Cretaceous, causing reverse faulting and fold–

thrust deformation, facilitated exhumation of the rocks, potentially resulting in 

retrograde metamorphism and cataclastic texture. 

 

1.  Introduction  

The Tarap Formation constitutes part of the Garba Mountains, a geologically complex region that 

records a prolonged history of tectonic activity from the Triassic to Tertiary periods. This region is 

characterized by a diverse assemblage of pre-Tertiary rocks, including metamorphic rocks, mélange 

complexes, intrusive and extrusive igneous bodies, and metasedimentary sequences [1], [2], [3], [4]. 

These lithological associations reflect a complex tectonic evolution associated with subduction, 

accretion, and subsequent deformation in southern Sumatra. 

 

Stratigraphically, the Tarap Formation represents the oldest lithological unit within the Garba Mountains 

and forms part of the pre-Tertiary basement complex. The formation is intruded by granitoid rock and 

unconformably overlain by Paleogene sedimentary units such as the Lahat and Talang Akar Formations, 

marking the initiation of basin development in South Sumatra [1]. The formation is dominated by 

metamorphic rocks that are exposed at both the eastern and western margins of the inlier, where they 

are tectonically imbricated and in thrust contact with the unmetamorphosed Lower Cretaceous Garba 

Formation. Tarap Formation is interpreted as metamorphosed Paleozoic basement rocks affiliated with 

the West Sumatra Block [1], [3]. 

 

Previous studies have provided initial insights into the deformation and microstructural characteristics 

of the Tarap Formation. Microstructural analysis by Idarwati et al. (2025) [5] identified evidence of 

deformation such as changes in mineral orientation and offsets in foliation patterns indicative of shear 

zone development. Additionally, the presence of metagranite lenses and pinch-outs filling fissures 

within phyllite. However, research on detailed petrographic characterization aimed at constraining the 

metamorphic evolution of Tarap Formation remains limited. Even though petrographical assessment has 

proven effective in constraining the origin and evolutionary history of metamorphic rocks in Indonesia 

[6], [7], [8]. Therefore, this study aims to decipher the metamorphism of Tarap Formation based on 
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petrographical analysis by identifying rock type, structure, texture, protolith, facies, and their relation to 

regional tectonic evolution. 

 

2.  Methodology 

Fieldwork was conducted at OKU Selatan, South Sumatra, where 11 rock samples were collected from 

outcrops (Figure 1). The samples were subsequently prepared as thin sections. Petrographic analysis 

was performed using a Euromex iScope Polarizing Microscope at the Petrology Laboratory of Sriwijaya 

University. The analysis was used to quantify the mineral proportion using a random point counting 

method with 200 points utilizing Jmicrovision 1.5.3. In addition, textural and structural characteristics 

were documented. 

 

The petrographic data obtained were interpreted to evaluate rock type, protolith, metamorphic facies, 

and metamorphic processes. The rock type was determined in accordance with the recommendations of 

the International Union of Geological Sciences (IUGS) [9]. Protolith interpretation was based on mineral 

proportions using a ternary diagram of sedimentary protolith metamorphic rock subdivision following 

Robertson (1999). Metamorphic facies were determined by the occurrence of diagnostic mineral 

assemblages relative to metamorphic facies mineralogy, following Ehlers & Blatt (1982) [11], Yardley 

& Warren (2021) [12], and Turner (1968) [13]. Documented textures were used to infer metamorphic 

processes [14]. 

 

3.  Results and discussions  

3.1.  Field observation 

Field observations of the Tarap Formation reveal that the formation is composed of various metamorphic 

rock types, including meta-sedimentary rocks, phyllite, schist, and marble. Meta-sedimentary rocks still 

preserve relic sedimentary structures, particularly interbedding marked by contrasting whitish meta-

limestone and darker metasiltstone layers (Figure 2A), indicating that the original protolith features were 

not completely obliterated during metamorphism, which is common in low-grade metamorphic rock 

[16]. Phyllite exhibits well-developed foliation accompanied by microfold structures (Figure 2B), 

suggesting deformation under compressional stress during metamorphism. Schist shows more 

prominent and continuous foliation than phyllite (Figure 2C), reflecting stronger mineral alignment and 

recrystallization [17]. In contrast, marble occurs as a non-foliated metamorphic rock (Figure 2D), 

consistent with recrystallization dominated by carbonate minerals.  

 

 
Figure 1. Sample locations overlaid on the geological map of the Garba Mountains  

modified from Idarwati (2022) [15]. 
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Figure 2. Representative outcrop of (A) meta-sedimentary rock, (B) phyllite, (C) schist and (D) 

marble. 

 

3.2.  Petrographic characteristics 

The summary of the petrographic analysis is presented in Table 1. Based on mineral assemblages and 

textural features, seven metamorphic rock types were identified in the study area. These are broadly 

classified into non-foliated and foliated groups. The non-foliated rocks consist of metalimestone (Figure 

3A-B), metasiltstone (Figure 3B), and calcite–chlorite marble (Figure 3C). Meanwhile, the foliated 

rocks include muscovite–quartz phyllite (Figure 4A), muscovite–chlorite schist (Figure 4B), quartz–

muscovite schist (Figure 4C), and quartz–hornblende schist (Figure 4D). 

 

Various metamorphic structures and textures were identified across the samples studied. Metalimestone 

is mainly composed of calcite with subordinate quartz. Micrite is mostly preserved, while fossil 

fragments were no longer observed in the samples examined (Figure 3A). Meanwhile, metasiltstone is 

dominated by quartz and still preserves clay-rich matrix material (Figure 3B). In contrast, marble shows 

prominent metamorphic features of saccharoidal texture (Figure 3C), a sugar-like mosaic of interlocking 

calcite [14].  

 

In foliated rocks, phyllitic and schistose textures are well developed, reflecting preferred mineral 

alignment [18]. In the muscovite–chlorite schist, a pseudomorphic texture is observed, where chlorite 

replaces garnet porphyroblasts. The relict garnet contains mineral inclusions, indicating a poikiloblastic 

texture, with inclusion trails aligned parallel to the external foliation (Figure 4C). The pseudomorphed 

garnet also forms an augen texture, occurring as lenticular, eye-shaped porphyroblastic relics enclosed 

within a finer-grained, foliated metamorphic matrix (Figure 4C). The quartz–hornblende schist displays 

cataclastic deformation of garnet and hornblende (Figure 4D), suggesting brittle deformation. Mylonitic 

texture is present in both non-foliated (Figure 3B) and foliated rocks (Figure 4B), characterized by fine-

grained recrystallized minerals forming a lineated fabric that overprints the primary foliation or fabric 

(Figure 4B) [14]. 
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Table 1. Mineral proportion and texture that are identified from petrographical analysis. 

Code 
Mineral proportion (%) 

Metamorphic 

Texture 
Rock Nomenclature 

Qz Pl Cc Prh Act Grt Ms Bt Chl Hbl Op 

T-01 13 4 65 2 - - - - 15 - 1 - Metalimestone 

T-02 47 5 46 - - - - - - - 2 Myl Metasiltstone 

T-03 17 0 73 - - - - - 8 - 2 - Metalimestone 

T-04 6 3 64 - -    24  3 - Metalimestone 

T-05 58 6 - - - - 20 - 14 - 2 Sch Quartz-Muscovite Schist 

T-06 6 3 8 - - - 20 - 56 - 7 
Sch, Ps, Myl, Aug, 

Pbl, Pkl 
Muscovite-Chlorite Schist 

T-07 49 7 3 - - 5 - 17 - 19 - Sch, Ctc, Pbl Quartz-Hornblende Schist 

T-08 26 8 - - - - 66 - - - - Phy Muscovite-Quartz Phyllite 

T-09 - - 94 - - - - - 6 - - Sac Calcite-Chlorite Marble 

T-10 45 4 15 - 11 - 24 - - - 1 Sch Quartz-Muscovite Schist 

T-11 32 5 - - - - 63 - - - - Phy Muscovite-Quartz Phyllite 

Mineral abbreviation 

Qz = Quartz, Pl = Plagioclase, Cc = Calcite, Prh = Prehnite, Act = Actinolite, Grt = Garnet, Ms = Muscovite, Bt = Biotite, 

Chl = Chlorite, Hbl = Hornblende, Op = Opaque mineral 

Texture abbreviation 

Myl = Mylonitic, Sch = Schistose, Ps = Pseudomorph, Aug = Augen texture, Ctc = Cataclastic, Phy = Phyllitic, Sac = 

Saccaroidal, Pkl = Poikiloblastic, Pbl = Porphyroblastic 

 

 
Figure 3. Microphotographs of (A) Metalimestone, (B) Interbedding of metasiltstone and 

metalimestone, and (C) Calcite-chlorite marble. 
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Figure 4. Microphotograph of (A) Muscovite-quartz phyllite, (B) Quartz-muscovite schist, (C) 

Muscovite-chlorite schist and (D) Quartz-hornblende schist. 

 

3.3.  Protolith 

Protolith determination was carried out based on mineral proportions using metamorphic rock 

subdivision ternary diagrams adapted from Robertson (1999)  [10] (Figure 5). The absence of mafic 

minerals in all samples indicates that mafic protoliths are unlikely. The identified protoliths include 

limestone (metacarbonate rock), calcareous sandstone (calcareous psammite), quartz-feldsphatic 

sandstone (psammite), siltstone (semipelite) and shale (pelite). 
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Figure 5. Ternary diagram of sedimentary protolith-based classification of metamorphic rock 

(modified from Robertson (1999) [10]). 

 

The lithological characteristics and inferred protoliths of the Tarap Formation are broadly comparable 

to those of the Gunungkasih Complex in Lampung [19]. Both units include interpreted pelitic rocks and 

quartz–feldspathic sandstones as protoliths, although the Gunungkasih Complex also contains mafic 

protoliths that were not identified in the Tarap Formation [20]. Likewise, the inferred protolith 

assemblage of the Tarap Formation resembles that of the Kuantan Formation, which forms part of the 

basement of the West Sumatra Block and is composed predominantly of turbiditic sandstones and shales 

with minor limestone [19]. These similarities are based primarily on lithological and petrographic 

observations. Nevertheless, they are consistent with the hypothesis proposed by Gafoer et al. (1993) [1] 

that suggested that the Tarap Formation may represent metamorphosed Paleozoic basement rocks of the 

West Sumatra Block. 

3.4.  Metamorphic facies 

Three metamorphic facies are identified, namely, sub-greenschist, greenschist, and lower amphibolite, 

based on their mineral assemblages. The sub-greenschist facies is represented by the assemblage of 

chlorite, calcite, and prehnite. The greenschist facies is characterized by chlorite, muscovite, and 

actinolite, whereas the lower amphibolite facies is distinguished by the presence of biotite, hornblende 

and garnet. Comparison with the correlated unit of the Gunungkasih Complex indicates a similar 

metamorphic progression from greenschist to amphibolite facies [20]. Accordingly, the metamorphic 

facies can be used to infer range of pressure–temperature conditions, approximately ~100–200 °C and 

2–6 kbar for sub-greenschist facies, ~300–500 °C and 2–10 kbar for the greenschist facies, and ~500–

700 °C and 2–10 kbar for the lower amphibolite facies (Figure 6) [21], [22]. Summary of rock 

classification, protolith, and facies are presented in Table 2. 

 

Table 2. Summary of interpreted rock classification, protolith and metamorphic facies 

Sample Rock unit Protolith Metamorphic facies 

T-01 Metalimestone Metacarbonate rock (Limestone) Sub-greenschist facies 

T-02 Metasiltstone Calcareous psamite (Calcareous sandstone) Sub-greenschist facies 

T-03 Metalimestone Metacarbonate rock (Limestone) Sub-greenschist facies 

T-04 Metalimestone Metacarbonate rock (Limestone) Sub-greenschist facies 

T-05 Quartz-Muscovite Schist Semipelite (Siltstone) Greenschist facies 

T-06 Muscovite-Chlorite Schist Pelite (Shale) Greenschist facies 

T-07 Quartz-Hornblende Schist Semipelite (Siltstone) Lower amphibolite facies 

T-08 Muscovite-Quartz Phyllite Pelite (Shale) Greenschist facies 

T-09 Calcite-Chlorite Marble Metacarbonate rock (Limestone) Greenschist facies 

T-10 Quartz-Muscovite Schist Semipelite (Siltstone) Greenschist facies 

T-11 Muscovite-Quartz Phyllite Pelite (Shale) Greenschist facies 
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Figure 6. Pressure-Temperature diagram showing metamorphic facies of Tarap Formation.  

(modified from Butcher (2005) [22]) 

3.5.  Implications for the metamorphism of Tarap Formation 

Spatially, Tarap Formation exhibits an increase in metamorphic grade from east to west, as indicated by 

both texture and mineral assemblages. The eastern sector is dominated by non-foliated meta-

sedimentary rock associated with prehnite–pumpellyite facies, which progressively transitions westward 

into phyllite and schist characterized by greenschist to amphibolite facies. This systematic increase in 

metamorphic facies, coupled with the development of foliation, is consistent with regional 

metamorphism that is related to subduction tectonic settings [23]. In addition, the metamorphic facies 

likely correspond to either Barrovian- or Buchan-type metamorphism. The absence of key index 

minerals, such as andalusite and kyanite, precludes definitive series determination. Nevertheless, both 

series are commonly associated with a subduction-related origin [24], [25]. The process is possibly 

associated with Early Cretaceous subduction of West Sumatra (Margin of Sundaland) and Ngalau Ocean 

(Meso-Tethys) proposed by Barber et al. (2005) (Figure 7A) [3]. 

 

Based on petrographical observation, prograde metamorphism occurred, as it is indicated by the 

presence of garnet porphyroblasts containing inclusions of finer-grained minerals. The curved inclusion 

trails following external foliation alignment suggest syn-tectonic growth, implying that garnet 

crystallized contemporaneously with deformation during progressive pressure increase and heating [26]. 

The occurrence of mylonitic textures indicates a phase of high-strain ductile deformation [27]. This 

overprinting relationship of mylonite and foliation suggests that the ductile deformation occurred after 

the main foliation-forming event, as it is found across metamorphic facies. 

 

The subsequent stage is characterized by retrograde metamorphism and post-peak facies deformation. 

This is evidenced by the replacement of garnet by lower-grade chlorite forming pseudomorphs, as well 

as the presence of cataclastically deformed garnet and hornblende. This retrograde overprint may be 

related to the regional tectonic evolution following arc–continent collision and the emplacement of the 

Woyla Group suggested by Barber et al. (2005) (Figure 7B). The collision events during the Late 

Cretaceous to Early Tertiary, including reverse faulting and fold–thrust deformation, played a significant 

role in modifying the metamorphic assemblages. Continued tectonic activity led to uplift and 

exhumation of the rocks, associated with the development of an accretionary wedge exposing 

metamorphic rock to lower temperature and pressure [28]. Similar retrograde metamorphism following 
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arc–continent collision has been documented in other places, such as the Trans-Hudson orogeny and the 

South Tian Shan [29], [30]. Additionally, faulting processes likely induced cataclastic deformation, 

which typically occurs under relatively lower pressure and temperature, corresponding to the brittle 

upper crust during post-collisional tectonics [31]. 

 

 
Figure 7. Schematic of (A) Late Jurassic – Early Cretaceous subduction of Ngalau Ocean toward 

Woyla Arc and West Sumatra and (B) Late Cretaceous Arc-Continent Collision of Woyla Group and 

West Sumatra Group (modified from Barber et al., 2005 [32]). 

 

4.  Conclusion 

Petrographic analysis of the Tarap Formation identifies a range of metamorphic rock types, including 

metasiltstone, metalimestone, calcite–chlorite marble, muscovite–quartz phyllite, quartz–muscovite 

schist, muscovite–chlorite schist, and quartz–hornblende schist, with protoliths interpreted as calcareous 

sandstone, limestone, quartz–feldspathic sandstones, siltstone and shale, which possibly correlated to 

Gunungkasih Complex and the unmetamorphosed equivalents of the Kuantan Formation. 

Metamorphism reached sub-greenschist, greenschist, and lower amphibolite facies. Prograde 

metamorphism and mylonitic texture that overprint the main foliation are probably associated with the 

evolution of Sumatra tectonics during the Early Cretaceous, involving subduction of the Ngalau Ocean 

(Meso-Tethys) toward West Sumatra (Margin of Sundaland) and the subsequent arc–continent collision. 

The collisional tectonics from the Late Cretaceous to Early Tertiary, including reverse faulting and fold–

thrust development, likely facilitated exhumation, resulting in retrograde metamorphism and cataclastic 

deformation. 
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