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Abstract 

Mount Parang and Mount Bongkok in Purwakarta, West Java, are prominent and well-exposed intrusive bodies 
that offer valuable insights into subvolcanic magmatic processes in the region. Despite their geological significance, 
detailed investigations into their magmatic evolution and crystallization histories remain scarce. This study aims to 
characterize the petrology and unravel the crystallization dynamics of these intrusive complexes through 
petrographic analysis and Crystal Size Distribution (CSD) modeling of plagioclase phenocrysts. Field and microscopic 
observations reveal that both bodies are composed predominantly of andesite, containing phenocrysts of 
plagioclase, hornblende, and pyroxene, with minor variations in bulk composition. Magma mixing and assimilation 
are interpreted based on the presence of mafic rock fragments, oscillatory zoning, and sieve textures. CSD analysis 
constrains the minimum crystallization duration of the Mount Parang magma to at least 11.74 years, while Mount 
Bongkok’s magma is estimated to have crystallized over at least 10.93 years. These durations reflect only the 
phenocryst growth phase, as groundmass cooling times were not included. The results contribute to a better 
understanding of the timescales and processes governing sub-volcanic intrusion and magma evolution of other 
intrusive complex with similar ages in the surrounding area. 
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1. Introduction 

The subduction of the Eurasian and Indo-
Australian plates has resulted in the formation of 
a magmatic arc extending along the islands of 
Sumatra, Java, and Banda, characterized by a 
chain of volcanoes and the distribution of 
intrusive igneous rocks (Katili, 1975). By studying 
the characteristics of exposed intrusive igneous 
rocks, it is possible to interpret the petrogenesis 
and magmatic processes that occurred in the 
geological past. This, in turn, provides an analogue 
for understanding similar processes that are 
ongoing in the present day. 

 
In the Purwakarta region, several intrusive 

igneous bodies are well-exposed, particularly at 
Mount Parang and Mount Bongkok (Sudjatmiko, 
1972). Therefore, this area represents an ideal 
setting for investigating petrogenetic 
characteristics within a complex of intrusive 
bodies. Currently, petrological research in the area 
is limited to petrogenetic characterization 
(Arfiansyah and Helmi, 2018) and alteration 

(Lestianingrum and Wijaya, 2020) without 
temporal constraint.  This study presents the 
results of petrographic analysis and crystal size 
distribution (CSD) of rock samples collected from 
Mount Parang and Mount Bongkok, aiming to 
unravel the magmatic processes involved, 
including the timescales of crystallization within 
these spatially associated intrusive bodies during 
their emplacement. Application of CSD on 
intrusive bodies has been reported to explain their 
magma dynamics and temporal constraints (e.g. 
Ashok et al., 2022; Magee et al., 2010; Patwardhan 
and Marsh, 2011; Sobolev et al., 2023). In addition, 
the result of this study, in term of magma 
dynamics of sub-volcanic intrusion, may give 
hints in understanding of later stage 
hydrothermal alterations and mineralization that 
occur in the area. 

2. Geological Setting 

The tectonic evolution of West Java (Figure 1) 
is described in detail by Clements and Hall (2007). 
During the Early Miocene, intense volcanic activity 



 

 
 

 

began to occur in the southern part of Java, 
significantly influencing depositional processes in 
West Java. Rapid volcanic deposition led to a 
transition in the sedimentary system within the 
Bogor Basin, resulting in the development of 
gravity-driven deposits. By the Middle Miocene, 
volcanic activity began to decline, as evidenced by 
the presence of carbonate deposits overlying the 
Southern Mountains Arc. This reduction in 

volcanic activity during the Middle Miocene 
across Java is attributed to the progressive 
advancement of subduction processes. In the 
Late Miocene, modern volcanic edifices began to 
develop in eastern West Java, such as Mount 
Ciremai, which formed atop deformed Upper 
Miocene volcaniclastic sedimentary deposits. 

 

 
Figure 1. Tectonic evolution of West Java during early to late Miocene (Clements and Hall, 2007). 

In greater detail, Abdurrokhim (2017) described 
the formation of the Jatiluhur Formation within 
the Bogor Basin using a sequence stratigraphic 
framework. During the Middle Miocene, the 
Jatiluhur Formation was deposited under the 
influence of sea-level fluctuations. This formation 
exhibits a shallowing-upward pattern within a 
succession of slope and shelf-margin deposits, 
consisting predominantly of siliciclastics overlain 
by limestone. 

The geological structures in West Java are 
generally influenced by the subduction of the 
Indo-Australian Plate beneath the Eurasian Plate 
(Hamilton, 1979). The distribution and 
composition of volcanic centers from the Late 
Cenozoic to the present demonstrate a clear 
relationship with the current plate boundary 
located to the south of Java (Katili, 1975). Java 
Island displays three principal structural trends: 
the Meratus trend (southwest–northeast), the 
Sumatra trend (northwest–southeast), and the 
Sunda trend (north–south) (Pulunggono and 
Martodjojo, 1994). 

The first trend, the Meratus trend, oriented 
southwest–northeast, is represented by 

structures such as the Cimandiri Fault, the 
Rajamandala Thrust, and other faults in the 
Purwakarta area. This trend is interpreted as 
following the arc-shaped pattern of Cretaceous-
age structures that extend into the Meratus 
Mountains in Kalimantan. The second trend, the 
Sumatra trend, oriented northwest–southeast, is 
exemplified by the Baribis Fault and faults in the 
Cimandiri Valley and Gunung Walat region. This 
structural alignment parallels the trend of the 
Bukit Barisan Mountains in Sumatra. The third 
trend, the Sunda trend, is oriented north–south 
and is represented by the Ciletuh–Seribu Islands 
alignment (e.g., the Cidurian Fault in the 
Leuwiliang Block) (Martodjojo, 2003). 

According to Hilmi and Haryanto (2008), 
regional structural patterns in West Java consist 
of four main fault orientations (Figure 2): 
northwest–southeast faults, marked by the 
Citanduy Fault; north–south faults, found in the 
Bogor–Sukabumi region and extending to 
Rangkasbitung and Lebak; northeast–southwest 
faults, represented by the Cimandiri Fault; and 
east–west faults, typified by the Baribis Fault.

 

 
Figure 2. A) General structural trend of West Java (Martodjojo, 2003), B) Regional structural pattern of West and 
Central Java (Hilmi and Haryanto, 2008), C) Baribis and Cimandiri Fault as regional fault in West Java (Haryanto, 

2004; in Hilmi and Haryanto, 2008). 

Stratigraphically, the Bogor Basin is divided 
into three sub-basins: Sanggabuana, 
Rajamandala, and Sukabumi. According to 
Abdurrokhim (2017), the study area is located 
within the Sanggabuana sub-basin of the Bogor 

Basin, which is composed of the Jatiluhur 
Formation, Cantayan Formation, Subang 
Formation, volcanic products, and alluvium 
(Figure 3). Abdurrokhim (2017) described the 
sedimentary formations, volcanic deposits, and 



 

 
 

 

alluvial sediments in this basin using a sequence 
stratigraphic approach. Based on Sudjatmiko 
(1972), the period of intrusive activity occurred 

during the Late Miocene, following the deposition 
of the Cantayan Formation. 

 

 
Figure 3. Regional stratigraphy of Bogor Trough, A) Stratigraphy by Abdurrokhim, B) Stratigraphy by Sudjatmiko 

(based on Abdurrokhim, 2017; Sudjatmiko, 1972).

1. Jatiluhur Formation: Composed 
predominantly of marl, claystone, and 
sandstone, with intercalations of limestone. 

2. Cantayan Formation: Consists of breccia 
interbedded with tuffaceous sandstone and 
shally calcareous claystone. 

3. Subang Formation: Composed of breccia, 
claystone, and sandstone. 

4. Old Volcanic and Older Alluvial Deposits: The 
old volcanic deposits comprise tuffaceous 
sandstone, cross-bedded tuffaceous clay, and 
laharic breccia. The older alluvial deposits 
consist of conglomerate and fluvial sand. 

5. Intrusive Rocks: Composed of andesite with 
mineral assemblages including plagioclase 
and hornblende. 

3. Data and Method 

3.1. Data 

The data used in this study are thin sections of 
igneous rocks collected from Mount Parang and 
Mount Bongkok, which are approximately 1 km 
apart. A total of 16 rock samples were obtained, 
consisting of 6 samples from Mount Parang and 
10 samples from Mount Bongkok. The spatial 
distribution of sample acquisition is shown in 
Figure 4. 

 



 

 
 

 

 
Figure 4. Sampling location map. 

 
 3.2. Method 

Each prepared thin section was described in 
terms of its structure, texture, and mineral 
composition using a BX51 transmitted light 
polarizing microscope. Digital images were then 
captured using a digital camera with a 4× 
objective lens, with each image covering a field of 
view of approximately 2 mm. 

For each acquired image, plagioclase crystals 
were digitized following the workflow below: 

1. Crystals were manually digitized using 
the ImageJ software (Schneider et al., 
2012). 

2. The digitized crystals were analyzed to 
extract shape parameters, including 
width, length, area, perimeter, centroid 
location, and orientation. 

3. The measured crystal lengths and widths 
were converted into estimated three-
dimensional crystal sizes using the 
CSDSlice 5 spreadsheet (Morgan and 
Jerram, 2006). 

4. The corrected crystal lengths were then 
used to classify crystals into phenocrysts 
(>0.5 mm), microphenocrysts (≥0.1–0.5 
mm), and groundmass crystals (<0.1 mm). 

5. The shape parameters and aspect ratios 
obtained from the size conversion were 
input into the CSDCorrection 1.55 software 
to calculate population densities and 
generate CSD (Crystal Size Distribution) 
plots. 

6. The residence time of plagioclase crystals, 
representing the duration of 
crystallization, was calculated using the 
equation from Marsh (1988) (1), where Tc is 
the crystallization duration in seconds, G 
is the assumed crystal growth of 10-9 
mm/s. This value is median range of 

growth rate given by Cashman (1993). 
While, m is the slope of the trendline 
derived from the CSD plot. The conversion 
factor from seconds to years is 
1/31,536,000. 
 

Tc = (−
1

G . m
) 

(1) 

 
The results from petrographic observations, 

CSD plots, and crystallization time calculations 
were integrated to interpret magma dynamics. 
However, it should be noted that uncertainties 
might appear from several aspects in CSD, namely 
non-constant growth-rate relative to 
crystallization stage (Marsh, 1988), compositional 
non-selective crystal measurements (Cashman, 
2020), and limitation of petrographic observation 
for groundmass-sized crystals. 

4. Result and Discussion 

4.1. Petrological Characteristics 

4.1.1. Mount Parang 

In general, the rocks at Mount Parang are 
porphyritic andesite, characterized by 
phenocrysts of plagioclase, pyroxene, and 
hornblende. In several locations, fragments of 
basaltic igneous rocks are found embedded 
within the andesitic host rock (Figure 5). Some 
plagioclase crystals exhibit sieve texture and 
zoning (Figure 6). The pyroxene assemblage 
consists of orthopyroxene and clinopyroxene, 
with some clinopyroxenes displaying color 
variations from white to green under plane-
polarized light (Table 1). Hornblende appears as 
prismatic crystals (Figure 6). 

 



 

 
 

 

 

Figure 5. (A) Andesite outcrops of Mount Parang observed at outcrops GP 1–6; (B) Hand specimen showing the 
presence of plagioclase, pyroxene, and hornblende phenocrysts; (C) Basaltic igneous rock fragments enclosed 

within the andesite. 

4.1.2. Mount Bongkok 

In general, the rocks at Mount Bongkok are 
porphyritic andesite, characterized by 
phenocrysts of plagioclase, pyroxene, and 
hornblende (Figure 7). In several locations, 
fragments of basaltic igneous rocks are found 

embedded within the andesitic body. Some 
plagioclase crystals exhibit sieve texture and 
zoning (Figure 8). The pyroxene is composed of 
prismatic clinopyroxene. Hornblende is also 
prismatic in habit, with some crystals displaying 
opaque rims (Figure 8). 

 

 

Figure 6. Thin sections of samples GP 1–6, with image index 1 taken under plane-polarized light and index 2 under 
cross-polarized light; (A) presence of plagioclase and pyroxene phenocrysts; (B) plagioclase exhibiting sieve texture 
and zoning; (C) hornblende phenocrysts showing opaque rims; (D) pyroxene phenocrysts; (E) full thin-section scan. 



 

 
 

 

 

Figure 7. (A) Andesite outcrop of Mount Bongkok at outcrop GB 2–2; (B) Hand specimen showing the presence of 
plagioclase, pyroxene, and hornblende phenocrysts. 

4.2. Crystal Size Distribution 

Based on the CSD analysis of the plagioclase 
histograms (Figure 9), it was observed that the 
abundance of plagioclase phenocrysts increases 
toward the central part of the intrusion, while 
their abundance decreases toward the distal 

areas. In contrast, the number of 
microphenocrysts tends to decrease toward the 
center and increase toward the distal zones. The 
CSD regression plots further reveal that the 
gradient becomes gentler toward the central 
area, whereas it becomes steeper toward the 
distal margins (Figure 10). 

 

Figure 8. Thin section of sample GB 2–2, with image index 1 taken under plane-polarized light and index 2 under 
cross-polarized light; (A) presence of plagioclase, hornblende, and pyroxene phenocrysts; (B) plagioclase showing 
patchy zoning; (C) plagioclase with sieve texture and zoning; (D) and (E) pyroxene phenocrysts; (F) full thin-section 

scan. 



 

 
 

 

Table 1. Mineralogical composition of andesite samples from Mount Parang and Mount Bongkok. 

 

 

Figure 9. Histogram of plagioclase crystal sizes from Mount Parang (GP) and Mount Bongkok (GB). 



 

 
 

 

 

Figure 10. Crystal Size Distribution (CSD) plots of plagioclase from Mount Parang (GP) and Mount Bongkok (GB), 
showing an increasing gradient from central (top) to distal (bottom) sample positions. 

Based on the CSD plots shown in Figure 10, 
crystallization durations were calculated and are 
presented in Figure 11. The results indicate that 
crystallization of plagioclase occurs more rapidly 
toward the distal parts of the intrusion. The 
relationship between crystallization time and 
intrusion geometry is visualized in a graph, where 
the x-axis represents the sample locations 
arranged from central (left) to distal (right), and 
the y-axis represents the calculated crystallization 
durations (Figure 11). 

In the distal zones, plagioclase phenocrysts 
exhibit crystallization durations ranging from 5 to 
7 years, while microphenocrysts range from 3 to 5 

years. In the medial section, phenocrysts show 
crystallization durations of 6 to 10 years, and 
microphenocrysts range from 4 to 6 years. In the 
central part, crystallization durations for 
plagioclase phenocrysts range from 7 to 12 years, 
while microphenocrysts range from 4 to 7 years. 

Cells highlighted in yellow in the table indicate 
results with high error margins. These elevated 
errors may be attributed to several factors, 
including misidentification of minerals, 
inaccuracies in probability values during mineral 
identification, or errors in converting mineral 
dimensions, all of which may lead to incorrect 
crystallization time estimations. 

 

 

Figure 11. Estimated crystallization durations of plagioclase based on CSD data, and a graph showing the 
relationship between crystallization time and positions within the intrusive bodies of Mount Parang and Mount 

Bongkok, including values containing error (shaded yellow and in red circles).

4.3. Cooling Dynamics 

4.3.1. Mount Parang 

Based on macroscopic observations, 
petrographic analysis, and CSD analysis of rock 

samples from Mount Parang, it is interpreted that 
the magmatic processes involved include magma 
mixing and assimilation. Evidence of magma 
mixing is indicated by the presence of zoning and 
sieve textures in plagioclase crystals. 



 

 
 

 

Furthermore, the gradient trends observed in 
the CSD plots (Figure 10) also support the 
interpretation that Mount Parang underwent 
magma mixing. Signs of magma assimilation are 
indicated by the presence of basaltoid rock 
fragments observed macroscopically at several 
outcrops near the margins (GP 1–6). Pyroxene 
crystals in Mount Parang exhibit signs of 
oxidation, as evidenced by the presence of rims 
surrounding the pyroxene. Oxidation in pyroxene 
occurs while the magma is still in a molten state. 
This process was facilitated by the release of water 
under subsurface pressure and temperature 
conditions, which increases the oxygen content in 
the magma. The influence of the oxygen gradient 
during crystallization is associated with gas 
release, which promotes cation mobility to 
overcome the activation energy required for 
diffusion, nucleation, and crystal growth 
(Burkhard, 2001). Gas release in Mount Parang is 
further supported by the occurrence of patchy 
zoning which was formed under conditions of 

fluctuating pressure and temperature.  It caused 
water to exsolve from the melt, thereby increasing 
the oxygen fugacity within the magma 
(Humphreys et al., 2006). 

Crystallization duration calculations for 
plagioclase (Figure 11) show that samples from GP 
1–6 exhibit the shortest crystallization times, with 
phenocrysts crystallizing over approximately 7.21 
years and microphenocrysts over 5.37 years. In 
contrast, samples from the deeper zone (GP 1–3) 
record longer crystallization times of 
approximately 10.93 years (~11 years) for 
phenocrysts and 5.66 years (~6 years) for 
microphenocrysts. Macroscopically, crystals in 
samples from GP 1–6 are finer-grained, which 
supports the interpretation that these rocks 
crystallized earlier due to their proximity to the 
intrusion margins. The crystallization time data for 
plagioclase further confirm that crystallization 
occurred more rapidly toward the distal parts of 
the intrusion (Figure 12). 

 

Figure 12. Schematic illustration of cooling at Mount Parang, showing a general trend of decreasing crystallization 
duration from central to distal.

4.3.1. Mount Bongkok 

Based on macroscopic observations, 
petrographic analysis, and CSD analysis of rock 
samples from Mount Bongkok, it is interpreted 
that the magmatic processes involved include 
magma mixing and assimilation. Evidence of 
magma mixing is indicated by the presence of 
zoning and sieve textures in plagioclase observed 
under the microscope. Furthermore, the gradient 
trends from the CSD plots (Figure 10) show 
patterns consistent with magma mixing in 
samples from Mount Bongkok. 

Assimilation is inferred from the presence of 
rock fragments found at several marginal 
outcrops (GB 2-1, GB 2-8, GB 2-9, and GB 2-10). 
Oscillatory zoning observed in plagioclase crystals 
at Mount Bongkok indicates that crystallization 
occurred under conditions of high partial pressure 
of H2O, followed by resorption during 

decompression when H2O became 
undersaturated (Humphreys et al., 2006). 

Crystallization time calculations for plagioclase 
(Figure 11) reveal that GB 2-10 exhibits the shortest 
crystallization durations, with approximately 5.28 
years for phenocrysts and 3.41 years for 
microphenocrysts. In contrast, the deepest 
sample, GB 2-2, shows crystallization durations of 
approximately 11.74 years (~12 years) for 
phenocrysts and 7.21 years (~7 years) for 
microphenocrysts. Macroscopically, crystals in GB 
2-10 are fine-grained, supporting the 
interpretation that crystallization occurred earlier 
due to its location near the intrusion margin. The 
crystallization time data from Mount Bongkok 
indicates that crystallization proceeded more 
rapidly toward the distal parts of the intrusion 
(Figure 13), consistent with the observed decrease 
in crystal size toward the margins. 



 

 
 

 

 

Figure 13. Schematic illustration of cooling at Mount Bongkok, showing a general trend of decreasing 
crystallization duration from interior to exterior. 

4.4. Formation of Mount Parang dan Mount 
Bongkok 

The reconstruction of the formation of Mount 
Parang and Mount Bongkok, based on literature, 
field observations, petrographic analysis, and CSD 
data, can be arranged within a crystallization 
timeframe (Figure 14). Three key time points can 
be identified: the initial stage when both bodies 
were still dominantly molten magma (T0), the 
point of complete solidification (T4; Late Miocene 
according to Sudjatmiko, 1972), and the time of 
exposure at the surface (T5). Between T0 and T4, 
additional time points can be determined based 
on the CSD calculations. The duration framework 
used to define these time points includes: 

∆F = duration of phenocryst 
crystallization. 

∆mF = duration of microphenocryst 
crystallization. 

∆md = duration of groundmass 
crystallization (not calculated in 
this study). 

 

At T0, both mountains were predominantly 
molten magma. The presence of orthopyroxene at 
Mt Bongkok indicates a slight difference in bulk 
compositional content compared to Mt. Parang. 
In addition, initial crystallization temperatures 
might also differ for both mountains. It may imply 
two possibilities: they came from different melts 
(spatially or temporally), or they came from the 
same melt but quickly differentiated during 
ascend. Detailed geochemical analysis need to be 
conducted to resolve this issue.  

At T1, phenocryst crystallization began with 
nucleation followed by crystal growth, occurring 
as the magma ascended. During phenocryst 
growth, a magma injection event disrupted the 
crystal-melt equilibrium, recorded in plagioclase 
as sieve textures. Once a new equilibrium was 
established, plagioclase resumed growth, 
forming zones around the sieve zones, leading to 
the complete development of phenocrysts by T2. 

This entire process from T0 to T2 occurred over the 
period ∆F. 

In between T1 and T2, different processes 
happened at Mt. Parang and Mt. Bongkok. 
Magma of Mt. Parang underwent increase of 
oxygen content and degassing which produced 
oxide rims on pyroxene and patchy zoning in 
plagioclase (Burkhard, 2001; Humphreys et al., 
2006). In contrast, gas release at Mt. Bongkok 
resulted only in formation of oscillatory zoning 
(Humphreys et al., 2006). 

Subsequently, microphenocrysts nucleated 
and grew until T3 over the duration ∆mF. In the 
final phase, the groundmass crystallized over 
∆md, until complete solidification was achieved in 
the Late Miocene (T4). Between T0 and T4, the 
incorporation of country rock into the magma 
body likely occurred, recorded as basaltoid 
fragments. Following full crystallization, uplift and 
erosion exposed the intrusive bodies, now 
recognized as Mount Parang and Mount Bongkok 
(T5). 

Thus, the total time required for complete 
crystallization from the molten phase is estimated 
as ∆F + ∆mF of the central crystal population, 
which are 16.59 years for Mount Parang and 18.95 
years for Mount Bongkok before counting for 
groundmass cooling duration (∆md). However, 
this assumes sequential crystallization of each 
crystal size group, whereas in natural systems, 
smaller crystals may begin crystallizing before 
larger crystals have finished growing. If 
phenocrysts and microphenocrysts are assumed 
to cease growing simultaneously, the 
crystallization duration of both mountains may be 
better represented by ∆F, amounting to 11.74 
years for Mount Parang and 10.93 years for Mount 
Bongkok before counting for groundmass cooling 
duration (∆md). 

In terms of cooling duration, a more thorough 
calculation, especially for intrusive body should 
account for cooling duration of the groundmass 
(∆md). It means that longer cooling duration will 



 

 
 

 

be produced. It should be noted as well that 
possible change in crystallization rate during 
different stage of cooling (Marsh, 1988) might 
affect the calculation of  total cooling time. In 
addition, difference in cooling depth may also 
contribute to change in cooling rate (Garrido et al., 
2001) which can render generalization in 
phenocryst cooling time irrelevant. For this 
reason, more thorough composition-based 
analysis on phenocryst that may infer termo-
barometric condition will be needed for the 
calculation (e.g. Higgins, 2017; Martin et al., 2010). 

Overall, the magma dynamics and 
crystallization timescales observed in the 
formation of Mt. Parang and Mt. Bongkok may be 
representative of processes occurring in other 
sub-volcanic intrusive complexes of similar age in 
West Java. However, future studies that reference 
these findings should account for potential 
variations arising from differences in bulk magma 
composition and the nature of surrounding wall 
rocks.      

 

 

Figure 14. Schematic reconstruction of the formation of Mount Parang and Mount Bongkok at successive time 
intervals, based on the crystallization timeframe of plagioclase crystal populations. 

5. Conclusion 

Based on the observations and calculations 
conducted, the following conclusions were 
drawn: 

- Mount Parang and Mount Bongkok are 
composed of andesite containing 
phenocrysts of plagioclase, pyroxene, and 
amphibole with slight bulk compositional 
differences. 

- Evidence of magma mixing and 
assimilation was identified during the 
crystallization processes in both intrusions. 

- The estimated crystallization duration for 
Mount Parang is around 11.74–16.59 years 
before counting for the crystallization of 
the groundmass. 

- The estimated crystallization duration for 
Mount Bongkok is around 10.93–18.95 years 
before counting for the crystallization of 
the groundmass. 

- The processes and timing of Mt. Parang 
and Mt. Bongkok might be analogous to 

other intrusive complexes of similar age in 
West Java. 
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