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Abstract 

The northern Bangka Island is composed of Pemali metamorphic complex which is indicated by the collision between Indochina and 

Sibumasu blocks. These features are interesting to observe because the metamorphic rocks could be recorded in some geological structures at 

different times. The study began by conducting field observation on Pemali Metamorphic Complex as objects. Field observation aims to collect 
lithological data, structural data, and oriented rock samples. The results of field pitching were processed to determine macrostructures, 

microstructures, and mineral distribution. The data was analyzed based on kinematic, descriptive, and deformation mechanisms to determine 
the deformation patterns that occurred in the study area. 

Field and oriented thin section data show structures and occurred in different deformation conditions. The analysis based on 

macrostructures and microstructures showed that the northern part of Bangka Island experienced three different deformation phases. 
Deformation begins with the formation of folds that are associated with collisions between Sibumasu-Indochina, followed by a second 

deformation that forms a fold with different verging. Both deformations are formed in the ductile zone and the brittle-ductile transition zone. 

The third deformation occurs when rocks have been lifted to the surface by the presence of faults, joints, and veins. The sequence of the 
deformation model is similar to the deformation experienced in the Bentong-Raub suture zone formed in the shear zone. 
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1. Introduction  

The northern part of Bangka Island is an interesting area 

to study as it contains a complex geological history that is 

recorded in its metamorphic rocks. The Pemali Metamorphic 

Complex in this region has a similarity with Bentong-Raub 

suture zone (Fig. 1) that is indicated to have formed due to the 

collision between the Indochina and Sibumasu blocks during 

the Neoproterozoic era (Metcalfe, 2013, 2001, 2000).This 

study aims to understand the deformation processes that have 

taken place in this region by conducting field observations, 

macro- and microstructural analysis, and mineral distribution 

analysis. The result of this study can provide valuable insights 

into the tectonic history of the northern part of Bangka Island 

and the broader region of Southeast Asia. 

Field observation and sample collection were conducted 

on the Pemali Metamorphic Complex to gather information 

about the lithology, structures, and mineral distribution 

(Metcalfe, 2001). The data obtained from the field was 

analyzed using kinematic, descriptive, and deformation 

mechanism analysis to understand the patterns of deformation 

that have occurred in the study area (Metcalfe, 2001; 

Passchier and Trouw, 2005). The study does not examine any 

chemical anomalies or changes in the area. The goal is to 

provide a comprehensive understanding of the geological 

condition of the northern part of Bangka Island through 

macro- and microstructures analysis. 

2. Regional Geology 

The research area was located on North Bangka Island 

which is unique due to the presence of ancient rocks that 

provide a significant geological history of the region 

(Hendrawan et al., 2021). Studying these rocks in North 

Bangka is essential to understanding the regional geology 

history and tectonic evolution to provide a basis for future 

geological exploration and mineral resources assessment 

(Khin Zaw et al., 2014; Sapiie et al., 2017; Zhang et al., 2019). 

In addition, Northern Bangka has composed of the 

metamorphic Pemali complex, Tanjunggenting Formation, S-

type granite, and Ranggam formation (Fig. 2) (Barber et al., 

2005; Cobbing et al., 1986; Mangga and Djamal, 1994; 

Margono et al., 1995; Sugiono, 2014).  

 

Fig. 1. Distribution of continental blocks, fragments, terranes, and 
principal sutures of Southeast Asia (Metcalfe, 2013). 
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The Bentong-Raub Suture Zone (BRSZ) is a geological 

structure located as part of Peninsular Malaysia and also 

extended to Indonesia in a southerly direction (Barber et al., 

2005; Cobbing et al., 1986; Hutchison, 1994; Metcalfe, 2013; 

Pour et al., 2018; Rozalli et al., 2020; Song et al., 2021) (Fig. 

3) which is formed from the collision between the Sibumasu 

and Indochina blocks, which occurred during the late 

Mesozoic era (Hutchison, 1994; Irfan et al., 2023; Metcalfe, 

2013, 2000). The location of the BRSZ extends from 

Peninsular Malaysia to Central Sumatra (Barber et al., 2005; 

Beddoe-Stephens et al., 1987; Gasparon and Varne, 1995; 

Hashim et al., 2018; Pour et al., 2018, 2016; Sapari et al., 

2016; Sato, 1991), but some researchers argue that the suture 

zone passing through the northern part of Bangka Island 

(Barber et al., 2005; Cahyana et al., 2021; Ng et al., 2017) or 

cuts through the northern and southern parts of Bangka 

Island, with the island located between the two lines of 

separation (Hutchison, 1994).

 

Fig. 2. (A) Geology map of Bangka with red square as a research area (Barber et al., 2005; Cobbing et al., 1986; Mangga and Djamal, 1994; 

Margono et al., 1995; Sugiono, 2014) (B) Map of granite type in northern Bangka Island. 

 

Fig. 3. Tectonic unit map in Peninsular Malaysia (left image) (Hutchison, 1994), Pre-Triassic West Sumatra and East Sumatra block map 

(centre image) (Barber et al., 2005) and Rocks distribution map in Sumatra (Beddoe-Stephens et al., 1987; Gasparon and Varne, 1995; Sato, 

1991). 

The northern part of Bangka Island is of particular interest 

for geological study because it exposes the Pemali 

Metamorphic Complex, which is believed to be a product of 

the BRSZ (Barber et al., 2005). The focus of this research is 

limited to the macrostructures and microstructures of the area, 

with attention given to the relationships between structures 

and the occurrence of overprinting structures (Fossen, 2016; 

Passchier and Trouw, 2005; Pound et al., 2014). 

3. Methods  

The research methodology used in this study involved the 

collection of samples using random sampling at the 

metamorphic Pemali complex, followed by a collection of 

both the fractures and foliation structures as part of 

macrostructures (Fossen, 2016; Ibrahim and Musa, 2020; 

Mukherjee, 2020; Passchier and Trouw, 2005). Furthermore, 

rocks sample are taken by marking the orientation of the 

position of the rock sample (Passchier and Trouw, 2005; Xian 

et al., 2019). 
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Thin sections were then prepared from the samples, and 

microscopical analysis was conducted using polarized 

microscopy to determine the lithological name from the 

mineral composition and distribution of microstructures. 

Moreover, thin section data provided an overprinting 

relationship on microstructures to dividing the order in which 

the structure was formed that was subsequently interpreted to 

understand the deformation phases (Blenkinsop, 2000; 

Passchier and Trouw, 2005, 1996). The combination of 

structural mapping and microscopy analysis allowed for a 

comprehensive study of the microstructure and deformation 

of the rock at the Pemali Complex. 

4. Result and Discussion 

According to field mapping, found 12 outcrops of 

metamorphic rocks, consisting of schist and phyllite, and also 

3 outcrops of sedimentary rocks including sandstone and 

conglomerate, were found in the study area (Fig. 4). Field 

observation revealed various macrostructures such as 

lithological contacts, parallel foliation, S-C fabric, large-scale 

folds in metamorphic rocks, crenulation cleavage, en-echelon 

veins, fractures as fault or shear fractures, and shear band 

cleavages. These macrostructures were recorded by 

describing their geometrical shapes, describing their 

characteristics, and measuring the structural planes as strike-

dip values. The data obtained from these observations will be 

analyzed to better understand the study area’s deformation 

history and tectonic evolution (Fig. 5). Several 

macrostructures (Table 1) had a number of directions, but 

almost northwest-southeast strike direction. Amount of 

directions should be divided into a number of the part 

according to an overprinting relationship of structures. 

Table 1. Mineral rock composition from several outcrops in the 

research area. 

Sample 
Percentage Mineral (%) 

Quartz Muscovite Epidote Opaque Oxide 

M-05 76.8 21.1 1.1 1 0 

M-06 71.6 21.1 0 2 5.3 
M-09 70.5 26.3 1.1 1 1.1 

M-12 63 25 1 1 10 

M-13 76.1 10.9 1.1 4.3 7.6 
M-14 71.4 11 1.1 5.5 11 

M-16 60 25 1 1 13 

M-17 70.1 25.8 2.1 1 1 
M-18 40 55 0 5 0 

M-19 67 30 0 2 1 

M-20 82.7 15.3 1 1 0 
M-21 43 48 3 3 3 

 

After collecting rock samples from the study area, thin 

sections were prepared and observed under a microscope to 

examine lithological names from mineral composition and 

microstructures data. Mineral distribution (Table 1) presented 

quartz as the most dominated mineral in all thin section. From 

sample M-18 and M-21, muscovite has a much greater 

percentage than quartz. Based on macroscopic and 

microscopic observation, M-18 and M-21 identified as 

phyllite muscovite quartz and others namely as schist quartz 

muscovite (Fig. 4). Based on the mineral distribution, 

diversity exists in phyllite, therefore in these rocks various 

microstructures features can be found. 

 

Fig. 4. Structural map with foliation and lineation (A) Outcrop distribution in the research area (B). 

Several microstructures (Table 2) were identified 

(Passchier and Trouw, 2005), including undulose extinction, 

kink band, dynamic recrystallization, deformation lamellae, 

deformation band, porphyroclast, and fish mica. These 

microstructures provide insight into the deformation 

mechanisms and conditions that the rocks have undergone. 

The presence of undulose extinction indicates that the rocks 

have undergone plastic deformation, while kink bands 

suggest that the rocks have experienced brittle deformation. 

Dynamic recrystallization and deformation lamellae are 

features that form during ductile deformation, while 

deformation bands and porphyroclasts are more commonly 

associated with brittle deformation. The presence of fish mica 

can indicate that the rocks have undergone shearing or intense 

deformation. By analyzing these microstructures, we can gain 

a better understanding of the deformation history of the rocks 

in the study area. 

Table 2. Structural distribution in the research area. 

Macrostructures Occurrences 

(Passchier and Trouw, 2005) 

Microstructures Occurences 

(Passchier and Trouw, 2005) 

Lithological Contact 

Foliation 
Isoclinal Fold 

Shearband Cleavage 
Boudinage 

Horsetails vein 

Ladder vein 
En-echelon vein 

Disaggregation band 

fractures 

Quartz-Mica Intercalation 

Undulose Extinction 
Kink Band 

Dynamic Recrystallization 
Elongate Quartz 

Deformation Lamellae 

Crenulation Cleavage 
Phorphyroclast 

Sigmoid 

Fish Mica 

Fringe/Strain Shadow 

Dark seams dislocation 

Intragranular fractures 
Deformation band 
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Based on the macrostructures and microstructures 

observed in the research area, the data can be divided into four 

parts according to structural type and overprinting 

relationships. The first part is S0, which is based on 

lithological contact. The second part is S1, which is based on 

the presence of shear band foliation. The third part is S2, 

which is parallel with S0 but exhibits folding in certain 

lithologies. Finally, the fourth part is S3, which is 

characterized by compressional crenulation cleavage (Fig. 6). 

These structural types were recorded and analyzed by 

describing their geometric shapes, noting the presence of any 

measurable structural planes, and determining their 

overprinting relationships to understand the deformation 

pattern in the study area. 

 

Fig. 5. Several macrostructures occurrences in field area (A) parallel foliation, (B) Foliation in schist, (C) Fold in crystalline rocks, (D) En-

echelon vein and crenulation cleavage, (E) S-C fabric, (F) Strike-slip fault. 

 

Fig. 6. Scheme of foliations list in the research area. 

The study area displays complex deformation events that 

have been revealed by various macro and microstructural 

features. Based on the observations, the deformation events 

can be classified into three phases. The first deformation 

phase (D1) is characterized by the presence of northwest-

southeast directed F1 fold, shear band foliation, emergence of 

S-C fabric, core-mantle phorphyroclast structure, and shear 

band boudinage. This phase is also marked by an extensional 

regime and a ductile deformation zone. The second phase 

(D2) is dominated by northeast-southwest directed F2 fold, 

compressional crenulation cleavage, and a brittle-ductile 

deformation transition. Lastly, the third phase (D3) is 

represented by the presence of fault and joint, northeast-

southwest stress orientation, and a brittle deformation 

mechanism. These structures provide evidence of the 

deformation events that have occurred in the study area and 

the different tectonic regimes that have influenced it over time 

(Fig. 7 and Fig. 8).  

The research area shows three distinct deformation 

periods, with two being ductile and one brittle, while the 

Bentong-Raub suture in the Malay Peninsula records four 

different deformations, with two being ductile and two brittle. 

The similarity between the research area and the northern part 

of Bangka Island lies in their deformation aspects, which are 

comparable to those of the Bentong-Raub suture in Malaysia. 

The deformation history of the research area and the Bentong-

Raub suture can be traced back to the collision between 

Sibumasu and Indochina, which led to the formation of these 

geological features. The deformation events recorded in the 

research area and the Bentong-Raub suture provide insights 

into the tectonic history of the region and contribute to our 

understanding of the geological evolution of Southeast Asia. 

The result of this study shows that the northern part of Bangka 

Island has experienced three different deformation phases, 

including two ductile deformations and one brittle 

deformation. The deformation sequence is similar to that 

experienced in the Bentong-Raub suture zone, indicating that 
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this region has a complex tectonic history (Metcalfe, 2001, 

2000). 

 

Fig. 7. First deformation phase (D1) associated with emergence fold 

(F1) and foliation S1 (yellow line) and foliation S2 (orange line). 

 

Fig. 8. Second deformation phase (D2) associated with fold (F2) 
and foliation S1 (yellow line), foliation S2 (orange line), and 

foliation S3 (red line) modified from (Schavemaker et al., 2012). 

5. Conclusion 

In conclusion, the deformation history of North Bangka 

Island can be divided into three distinct phases from several 

lithologies that identified from mineral composition and 

microstructures. The first phase (D1) involved folding in a 

Northwest-Southeast direction and occurred during the 

Permian-Upper Triassic period. The second phase (D2) saw 

the emergence of folds with an NNE-SSW direction, 

generated in the shear zone by the brittle-ductile transition 

plastic deformation mechanism. Finally, the third phase (D3) 

was characterized by brittle deformation mechanisms, 

resulting in the formation of faults and joints. The Bentong-

Raub suture zone, which resulted from the collision between 

the Sibumasu and Indochina Blocks, extended southward to 

North Bangka Island. 
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