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Abstract - Ciremai Volcano is the youngest active volcanic system within the Ciremai Volcanic Complex (CVC), 
located on the northern coast of West Java. This study aims to further investigate the characteristics of the magmatic 
system as part of the Sunda Arc. The activity of the CVC is divided into four periods: Putri Volcano, Gegerhalang 
Volcano, Wurung Crater, and Ciremai Volcano with its parasitic cones. The magmatic evolution of the CVC is re-
flected in the characteristics of its lava throughout its volcanic history. Petrographic analysis reveals that the volcanic 
rocks of the CVC are predominantly composed of plagioclase, pyroxene, olivine, hornblende, and opaque minerals 
as phenocrysts. The magma exhibits calc-alkaline affinity, with Fe enrichment during the early stages of magma 
formation. The enrichment of incompatible elements (Sr, K, Rb, Ba, and Th), depletion of HFSE (Nb, P, and Ti), and 
the presence of xenoliths suggest a convergent margin setting, with a continental-derived sediment enrichment in the 
magmatic source. Both petrological and geochemical analyses indicate that the magmatic evolution of the CVC has 
an interconnected open-system magma dynamic. Major basaltic injections and mixing of basaltic magma likely trig-
gered a significant eruption at the end of Gegerhalang and contributed to the development of new magma conduits. 
Besides fractional crystallization, the post-caldera magmatism of Wurung Crater, Ciremai, and its parasitic cones is 
affected by a prolonged basaltic influx and magma reheating.
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Introduction

Background
The Ciremai Volcano is located in West Java, 

Indonesia (Figure 1), part of the Sunda Arc, 
which resulted from the convergence between 
the Indo-Australian Plate and the Eurasian Plate. 

This convergence is still ongoing up to today. 
Every tectonic process influences the formation 
of magmatic and volcanic processes, including 
those at Ciremai Volcano. Ciremai Volcano is a 
type A volcano (ESDM, 2021) with its most recent 
eruption recorded in 1951 (Stehn, 1940; Padang, 
1951; Kusumadinata, 1971; Global Volcanism 
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tion slightly isolated, northward from the main 
volcanic range in the area, Ciremai Volcano is 
regarded as part of a rear-arc region, with the 
Wadati-Benioff Zone at an approximate depth 
of 200 km (Sendjaja et al., 2009). The tectonic 
block beneath western Java is thought to be 
the South West Borneo (SWB) Block, which 
originated as a fragment of Australia. Along 
with the Argo and Inner Banda (IB) Blocks, the 
SWB Block detached from Australia in the Late 
Jurassic and accreted to Sundaland during the 
Cretaceous (Hall and Sevastjanova, 2012; Hall, 
2014; Hall, 2017).

Ciremai Volcano lies on the top of some Ter-
tiary sedimentary formations, such as Cinambo 
Fm., Kaliwangu Fm., Halang Fm., Ciherang 
Fm., Kalibiuk Fm., and Citalang Fm., some of 
which are intruded by an andesitic intrusion. 
The activity of the Ciremai Volcanic Complex 
(CVC) is divided into four periods, each with 
different volcanic centres. From the oldest, since 
the Pleistocene, there are the Putri Volcano, 
Gegerhalang Volcano, Wurung Crater, and the 
current Ciremai Volcano with its parasitic volca-
noes (Figure 2; Djuri, 1973; Situmorang et al., 
1995). The activity of the Gegerhalang Volcano 
ended with the formation of the Gegerhalang 
Caldera (Kadarsetia, 2013). The CVC is located 
in a densely structured area, trending northwest-
southeast. The regional Pamanukan-Cilacap 
Fault Zone is associated with the primary geo-

Program, 2025). The Ciremai Volcano occupies 
the rear-arc position, slightly apart from the main 
volcanic front of western Java.

Magmatic evolution in each volcano is key 
to unveiling the local magmatic behaviour and 
its relation to the regional scale. Changes in 
magmatic compositions, commonly affected by 
different basaltic magma influxes, clearly indicate 
an open magmatic system. Understanding mag-
matic compositions and evolution is significant 
for characterizing the tectonic setting, as well 
as predicting future eruptions and possible vol-
canic hazards. Many other type A volcanoes in the 
Sunda Arc have been the focus of numerous stud-
ies. In contrast, the Ciremai Volcano has received 
little attention, primarily due to its lower volcanic 
activity. Previous studies involving Ciremai have 
been conducted as a comparison of volcanoes in 
West Java (Sendjaja et al., 2009; Sendjaja and 
Kimura, 2010) or the Sunda Arc (Edwards, 1990; 
Dempsey, 2013). Despite its significance, detailed 
magmatic evolution of the Ciremai Volcano re-
mains unexplored. Therefore, this study aims to 
investigate the magmatic source and evolution of 
the system in the Ciremai Volcanic Complex and 
its relationship with the tectonic setting to char-
acterize potential eruptions in the future.

Geology of The Ciremai Volcano
The Ciremai Volcano is situated in the west-

ern Java region of the Sunda Arc. Given its posi-

Figure 1. Location map of the studied area in the Ciremai Volcano, West Java, Indonesia, marked with the red box.
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logical structures in the.studied area The fault 
zone formed weak zones, serving as pathways 
for magma to move to the surface, thus control-
ling the formation and shifting of each magma 
conduit during each period. The geometry of the 
Gegerhalang Caldera is also influenced by the 
northwest - southeast trending structure.

Method and Materials

Geomorphological analysis and the geologi-
cal map of the CVC modifications were based 
on field observations integrated with satellite 
imagery. Digital Elevation Model (DEM), 
Landsat-8, and Advanced Spaceborne Thermal 
Emission and Reflection Radiometer (ASTER) 
imagery were utilized to delineate geomorpho-
logical and lithological units, with fieldwork 
including sample collection. Modifications of 
the volcanostratigraphy of The CVC are based 
on the various hue, tone, surficial texture, and 
cross-cutting relationships observed from mul-
tiple satellite imageries, supported by field ob-
servations. Each sample obtained for this study 

represents a distinct lava unit from the magmatic 
history of the CVC (Figure 2).

This study is based on detailed petrographic 
and geochemical analyses of twenty-two volcanic 
rock samples representing eleven lava units and 
volcanic periods throughout the history of the 
CVC. Microscopic petrography, focusing on 
mineralogy, microtextures, and microstructures 
(Williams et al., 1982; Streck, 2008), was used 
to interpret magmatic processes and evolution 
within the complex. Fourteen representative sam-
ples, free of alteration and secondary minerals, 
were subsequently selected for the whole-rock 
geochemical analysis at P.T. Intertek Utama 
Services. Major, trace, and rare-earth elements 
were obtained using X-Ray Fluorescence (XRF) 
and Inductively Coupled Plasma - Optical Emis-
sion Spectroscopy/Mass Spectrometry (ICP-
OES/MS). Major element (reported as oxides) 
analysis employed lithium metaborate fusion 
followed by XRF, with detection limits of 0.01 
% for SiO2, Al2O3, CaO, Cr2O3, Fe2O3(T), K2O, 
MgO, MnO, Na2O, and TiO2, and 0.002 % for 
P2O5. For ICP-OES/MS, samples were digested 
using four acids (HCl, HClO4, HNO3, and HF) 
in teflon tubes, providing detection limits of 0.05 

 

Figure 2. Geological map, volcanostratigraphy, and sampling locations of the Ciremai Volcanic Complex (Modified from 
Situmorang et al., 1995).

PUBLISHED IN IJOG



Indonesian Journal on Geoscience, Vol. 13 No. 3 December 2026: 473-486

476    

to 1 ppm for trace and rare-earth elements. Low 
Loss of Ignition (LOI) values (<0.01 to 0.65 %) 
indicate minimal weathering or alteration, ensur-
ing that the geochemical data accurately reflect 
the magma composition.

Within the fourteen selected samples, two 
samples represent Putri, three represent Gegerh-
alang, one represents Wurung Crater, and eight 
represent Ciremai with its parasitic vents. The 
primary whole-rock geochemical data used 
herein is listed in Table 1. These primary data 
were compared with previous datasets (Edwards, 
1990; Sendjaja et al., 2009; Al Rasyid, 2016) to 
characterize the magmatic source, processes, and 
evolutionary pathways, complementary to the 
petrographic evidence.

Result and Analysis

Petrological Analysis
Each period of activity formed bodies of lava 

flows, each with distinctive structures, which 
were observed in the outcrops (Figure 3), as 
well as different microscopic signatures. Most 
lava flow outcrops display a porphyritic texture, 
although a few exhibit an aphanitic texture. 
Lava flows from the Putri Volcano (first period) 
show some vertical joints and N190°E-trending 
brecciation. Lavas from the Gegerhalang Vol-
cano (second period) exhibit an autobrecciated 
structure at its base, a massive structure in the 
middle, and sheeting joints (N102°E/17°SE) at 
the uppermost part. Lava bodies from the Wurung 

Rock unit (After 
Situmorang et al.. 1995)

Putri Volcano Gegerhalang Volcano Ciremai 

Putri Lava (Pul) Gegerhalang Lava 1 (GHl 1) Gegerhalang Lava 2 
(GHl 2)

Ciremai Lava 1 
(Cel 1)

Eruptive period Period I Period II Period III

Sample No. CSK-03 CSK-04 PYN-01 SDW-01 PJB-01 BBK-01

Major elements (wt. %):
SiO2 54.87 55.37 56.53 54.85 53.45 58.21
TiO2 0.83 0.81 0.70 0.92 0.83 0.71
Al2O3 19.01 19.09 17.30 18.18 19.73 17.44
Fe2O3 8.54 8.50 7.56 8.47 9.31 7.34
MnO 0.14 0.13 0.14 0.16 0.19 0.14
MgO 3.08 2.83 5.26 4.25 3.46 3.80
CaO 8.22 7.94 7.26 8.22 8.60 7.07
K2O 1.31 1.36 1.50 1.53 1.00 1.80
Na2O 3.32 3.37 2.98 3.14 3.01 3.13
P2O5 0.26 0.27 0.20 0.23 0.33 0.20
LOI 0.42 0.43 0.65 0.02 0.03 0.30
Total 100.00 100.10 100.09 99.97 99.94 100.14
Trace and Rare-Earth Elements (ppm):        
Rb 38.7 43.4 52.3 47.4 26.2 59.7
Sr 415 411 364 364 405 306
Y 23 20.9 18.8 22.6 20.8 20.7
Zr 121 124 131 134 98.2 147
Nb 5 5.2 5.9 5.9 4.6 5.9
Ba 263 260 313 299 225 314
La 16.4 16.4 18.1 17.4 15.3 17.5
Th 5.06 5.23 7.52 6.23 4.18 7.74
Ce 33.1 32.9 36.1 35 31.5 35.2
Nd 17.6 17.6 17.3 18.9 17.6 17.2
Sm 3.9 3.9 3.7 4.3 3.8 3.7
Gd 4.2 3.9 3.7 4.4 4 3.8
Tb 0.7 0.6 0.6 0.7 0.6 0.6
Yb 2.5 2.1 2 2.4 2.2 2.2
Lu 0.4 0.3 0.3 0.4 0.3 0.3
Hf 3.1 3.2 3.4 3.5 2.6 3.8
Ta 0.31 0.32 0.41 0.36 0.27 0.38

Tabel 1. Whole-rock geochemical compositions from XRF and ICP-OES/MS analyses of primary samples of the volcanic 
rocks from the Ciremai Volcanic Complex.
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Rock unit (After 
Situmorang et al., 1995)

Ciremai Volcano (central eruption) Ciremai Volcano (flank eruption)

Ciremai Lava 2 
(Cel 2)

Ciremai Lava 3 
(Cel 3)

Ciremai 
Lava 4 (Cel 4)

Buntung 
Lava (Bul)

Dulang 
Lava (Dul)

Pucuk Lava 
(Pcl)

Sukageri 
Lava (Sul)

Eruptive period Period IV

Sample No. KTW-01 CBT-01 HJN-01 CKR-01 TJA-01 CKH-01 BTK-01 CST-01

Major elements (wt. %):

SiO2 56.45 58.55 54.85 56.61 59.35 54.71 57.24 54.81

TiO2 0.68 0.68 0.85 0.75 0.70 0.78 0.78 0.84

Al2O3 16.49 17.12 18.51 16.78 17.45 16.56 17.43 17.21

Fe2O3 7.60 7.03 8.50 7.84 7.02 8.36 7.78 8.36

MnO 0.14 0.13 0.16 0.15 0.14 0.15 0.14 0.15

MgO 6.15 4.41 4.25 5.45 3.16 6.90 4.10 5.67

CaO 7.49 6.89 8.22 7.50 6.73 8.11 7.34 8.32

K2O 1.74 1.73 1.32 1.68 1.99 1.45 1.80 1.48

Na2O 2.85 3.08 2.97 2.96 3.30 2.74 3.19 2.86

P2O5 0.19 0.17 0.20 0.21 0.21 0.17 0.20 0.18

LOI 0.27 0.28 0.19 0.06 0.09 0.05 <0.01 0.07

Total 100.06 100.08 100.02 99.99 100.13 99.98 100.00 99.95

Trace and Rare-Earth Elements (ppm):

Rb 57.8 60.3 41.4 57.8 70 49.4 60.1 48

Sr 329 318 320 311 325 287 298 289

Y 18.1 17.6 19.3 20.9 22.3 20.3 22.3 20.5

Zr 113 110 109 143 166 125 153 125

Nb 5.8 5.6 4.8 6.2 6.9 5.2 6.2 5.4

Ba 320 337 236 310 371 262 325 259

La 17 17.3 13.7 17.4 20 15.1 18 14.4

Th 7.58 7.73 5.52 7.5 9.21 6.25 8.06 6.1

Ce 33.4 34 28.2 35.4 40 30.4 35.9 29.5

Nd 15.6 15.6 14.9 17.6 19 15.6 18 15.6

Sm 3.4 3.3 3.4 3.9 4.1 3.6 4 3.6

Gd 3.4 3.2 3.7 3.9 4.1 3.8 4.1 3.8

Tb 0.5 0.5 0.6 0.6 0.7 0.6 0.7 0.6

Yb 1.8 1.9 2.1 2.2 2.4 2.1 2.3 2.1

Lu 0.3 0.3 0.3 0.3 0.4 0.3 0.4 0.3

Hf 3 2.9 2.8 3.6 4.3 3.2 3.9 3.2

Ta 0.39 0.39 0.31 0.42 0.47 0.34 0.42 0.34

Table 1. Continued ...

Crater (third period) are generally structureless or 
massive. Most of the lava outcrops from Ciremai 
Volcano (and its parasitic volcanoes) display 
a sequence that includes autobreccia, massive 
lava, and sheeting joints, either present or absent, 
towards the top of the lava flow. Generally, the 
orientation of sheeting joints shows the eruption 
centre from which they originated.

Microscopic analysis shows that the petrologi-
cal and mineralogical characteristics of the vol-
canic rocks throughout the activity of the CVC are 

varied, ranging from olivine basalts, basalts, pyrox-
ene andesites, and hornblende andesites, based on 
textural characteristics from Williams et al. (1982) 
classification (Figure 4). All volcanic rocks showed 
a porphyritic texture, dominated by phenocrysts 
of plagioclase, clinopyroxene, orthopyroxene, 
olivine, hornblende, and some opaque minerals. In 
general, the plagioclase content within all products 
of the CVC is oligoclase-labradorite. An intersertal 
texture is observed in the groundmass of olivine 
basalts and basalts.
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Figure 3. Photographs of outcrops in the CVC, showcasing distinctive structures. (a) Brecciated lava flow in Pul, (b) lava 
with (bottom to top) autobreccia, massive structure, and sheeting joints in GHl 2, (c) lava with (bottom to top) autobreccia 
and massive structure in Cel 3, (d) lava dome (Mount Buntung) in Bul, (e) lava with (bottom to top) autobreccia and massive 
structure in Dul, (f) lava with (bottom to top) autobreccia, massive structure, and sheeting joints in Pcl.

Period I (Putri Volcano, Pleistocene)
Lava flows from the activity of Putri Volcano 

(Pul) are found in the southwest, southeast, 
and eastern areas of the studied area. Based on 
microscopic analysis, the lava flows are classified 
as basalt, characterized by a distinctive intersertal 
texture. Microphenocrysts of orthopyroxene are 
commonly rimmed by clinopyroxene (Figure 4a). 
Some minerals are being altered into iddingsite, 
chlorite, and iron oxides.

Period II (Gegerhalang Volcano, Pleistocene)
The studied area contains products from 

the activity of the Gegerhalang Volcano.The 
first product of this period is a pyroclastic 
flow (GHap 1) with various fragments of 
volcanic rocks. One fragment is basalt (similar 
to basalt observed in the first period); another is 
hornblende andesite. The first lava unit in this 
period (GHl 1) are olivine basalt and basalt, 
with a microgabbro xenolith (Figure 4b). The 
last lava units (GHl 2) are hornblende andesites 
and basalts. Within the hornblende andesite, 
some hornblende phenocrysts have rims of 
fine-grained clinopyroxene and plagioclase, 
showing a disequilibrium texture (Figure 

4c). Meanwhile, the basalt contains traces of 
hornblende, clinopyroxene phenocrysts rimmed 
by fine-grained orthopyroxene and a microgabbro 
xenolith.

Period III (Wurung Crater, Pleistocene - Holo­
cene)

Lava from the Wurung Crater (Cel 1) generally 
flowed to the west, south, and north relative to 
the crater, also filling the Gegerhalang Caldera. 
Microscopically, this period comprised basalts, 
as shown by their signature intersertal texture 
in their groundmass. Within this unit, some 
large olivine crystals appear to have reaction 
rims of opaque minerals and orthopyroxene 
with symplectic intergrowth, hypothesized as 
antecrysts (Figure 4d). Antecrysts are foreign 
crystals within an igneous body, derived from an 
older and cogenetic magma (Tsuchiyama, 1986; 
Streck, 2008; Vernon, 2018).

Period IV (Ciremai Volcano, Holocene)
Products of this period originated from the 

main conduit of the Ciremai Crater (Cel 2, Cel 
3, and Cel 4) and four parasitic volcanoes around 
the edifice of the Ciremai Volcano. The para-

a                                                                                   b                                                                                   c

d                                                                                   e                                                                                   f
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Figure 4. Photomicrographs of the volcanic rocks from the CVC, showcasing distinctive microtextures. (a) Orthopyroxene 
rimmed by clinopyroxene in Pul, (b) xenolith of microgabbro in GHl 1, (c) hornblende with a disequilibrium texture in GHl 
2, (d) olivine antecrysts in Cel 1, (e) traces of olivine antecrysts in Cel 2, (f) hornblende with a disequilibrium texture in Bul, 
(g) coarse-sieved plagioclase in Pcl, and (h) skeletal olivine in Sul.

sitic volcanoes are Mount Dulang (Dul), Mount 
Buntung (Bul), Mount Pucuk (Pcl), and Mount 
Sukageri (Sul). Lava flows from this period are 
olivine basalts, basalts, and pyroxene andesites. 

In lavas from the main crater, some plagioclase 
phenocrysts have sieve, zoning, resorption sur-
face, and broken crystal microtextures (Renjith, 
2014 classification). The oldest lava from the 

a                                                                                    b

c                                                                                    d

e                                                                                    f

g                                                                                     h
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Figure 5. Classifications of magma chemical composition based on its (a) total alkali-silica (TAS; Le Bas et al., 1986) and 
magmatic affinity based on (b) K2O vs. SiO2 (modified from Peccerillo and Taylor, 1976), (c) FeO*/MgO vs. SiO2 (Miyashiro, 
1975), and (d) AFM Diagram (Irvine and Baragar, 1971).

main crater in this period (Cel 2) showed traces 
of olivine antecrysts (Figure 4e), despite the 
olivine core being fully altered into an opaque 
mineral. Whereas the lavas from the parasitic 
volcanoes are abundant in olivine, often show-
ing plagioclase microtextures similar to those 
observed in other products in this period. Other 
distinct microtextures such as hornblende with 
disequilibrium texture (Bul; Figure 4f), coarse 
sieved plagioclase (Pcl; Figure 4g), and skeletal 
olivine (Sul; Figure 4h) were found.

Geochemical Analysis
Geochemical analysis was used to determine 

the origin and processes that occurred during the 
magmatic evolution. The whole-rock geochem-
istry data is presented in Table 1.

Magma Composition
Geochemical analysis was used to determine 

the origin and processes that happened during the 

magmatic evolution. Composition-wise, based on 
the Total Alkali (Na2O + K2O) vs. Silica (SiO2) 
diagram (TAS Diagram, Le Bas et al., 1986; 
Figure 5a), lavas throughout the activity of each 
period in the CVC are basalts - andesites, with 
silica content ranging from 49.43 to 59.35 wt. 
%. All of the volcanic rocks fall under the sub-
alkaline series.

Magma Affinity
Magmatic affinity using the K2O vs. SiO2 diagram 
(Peccerillo and Taylor, 1976; Figure 5b) showed 
that the samples have calc-alkaline affinity. A 
singular trend between K2O against SiO2 sug-
gests the differentiation of a cogenetic magma. 
Further affinity identification using FeO*/MgO 
vs. SiO2 diagram (Miyashiro, 1975; Figure 5c) 
and the AFM ternary diagram (Irvine and Baragar, 
1971; Figure 5d) shows that the magma has calc-
alkaline affinity, with an Fe enrichment during the 
early magma generation.

a                                                                                                  b

c                                                                                     d
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Figure 6. Harker variation diagram of (a) Fe2O3, (b) TiO2, (c) MgO, (d) CaO, and (e) Na2O, against the differentiation index 
of SiO2.

Magma Differentiation (Major Elements)
Major elements as oxides are plotted against SiO2 
in the Harker Diagram (Figure 6). TiO2, Fe2O3, 
and MgO display negative correlations with SiO2 
(Figure 6a-c), whereas Na2O displays a positive 
correlation with SiO2 (Figure 6d), all with a 
steeper slope gradient at lower SiO2 content. On 
the other hand, CaO showed a slight increase with 
increasing SiO2 at lower concentrations, followed 
by a decrease as SiO2 continued to increase (Fig-
ure 6e). Higher concentrations of CaO at low SiO2 
are indicative of a Ca-rich pyroxene phase in the 
magma. Negative correlation between CaO and 
SiO2 and positive correlation between Na2O and 

SiO2 indicate fractional crystallization of Ca-rich 
plagioclase to Na-rich plagioclase. The steeper 
slope gradient within some oxides suggests a 
more intense fractional crystallization of pyrox-
enes and/or olivines along with Fe-Ti oxides.

Trace and Rare EarthA Elements (REE)
Trace and rare-earth elements (REE) are more 

sensitive in determining magmatic source and 
tectonic setting. Enriched MORB (E-MORB) 
normalized (Sun and McDonough, 1989) trace 
and rare-earth elements (Figure 7a) display se-
lective enrichment in Large Ion Lithophile Ele-
ments (LILE; Rb, Ba, Th, and K) and depletion 
of High Field Strength Elements (HFSE; Nb, P, 

and Ti), accompanied by the slope of Light-REE 
(LREE) gradually flattening towards Heavy-
REE (HREE). Based on the relative abundance, 
the magma forming the CVC resulted from the 
melting of oceanic crust, associated with a con-
vergent margin.

Selected trace elements from Ciremai were 
compared with an island arc and an active con-
tinental arc, consecutively the Tonga-Kermadec 
Arc and the Andes Arc. Figure 7b). Normalized 
to MORB (Pearce, 1983), volcanic rocks from 
Ciremai show selective enrichment in incompat-
ible elements (Sr, K, Rb, Ba, and Th) with lower 
Ta and Nb. The relative abundance from CVC 
displays more similarities to the Andes Arc. An 
enrichment of Th relative to Ba is indicative of 
upper-crustal contamination (Rudnick and Gao, 
2014). The singular evolutionary trend and rela-
tively homogeneous concentrations of trace and 
rare-earth elements in the volcanic rocks of the 
CVC suggest similar processes in an intercon-
nected magmatic system throughout the CVC 
history.

In determining between tectonic settings, 
ratios of Zr/Y vs. Zr (Pearce, 1983), Th/Nb vs. 
La/Yb, and Nb/La vs. La/Yb (Hollocher et al., 
2012) (Figures 8a ̶ c) show that the volcanic 
system formed in a continental arc. Processes 
within its magmatism, which is also influenced 

a                                                                                   b                                                                                  c

d                                                                                   e
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Figure 8. Tectonic discriminant diagrams, (a) Th/Nb vs. La/Yb, (b) Nb/La vs. La/Yb (Hollocher et al., 2012), (c) Th/Nb vs. 
La/Sm (Plank, 2005 in Barresi et al., 2015) and (d) Ba/Th vs. La/Sm (Labanieh et al., 2012).

Figure 7. Spider diagrams of selected trace and rare-earth elements of The CVC. (a) Data normalized to Enriched MORB 
(E-MORB) (Sun and McDonough, 1989), and (b) data normalized to MORB (Pearce, 1983) compared with The Tonga-
Kermadec Arc (Ewart et al., 1998) and Andes Arc (Pearce, 1983).

by its tectonic setting, is distinguished by the ratio 
of Th/Nb vs. La/Sm (Plank, 2005 in Barresi et 
al., 2015; Figure 8d). Based on that ratio, during 
the earlier magmatism, the subduction-related 
enrichment is more dominant. Towards the later 
magmatism, the effects of crustal contamination 
became more pronounced.

The contribution of subducted components, 
such as (altered) oceanic crust or sediments, can 
strongly influence the magmatic source composi-
tion (Handley et al., 2007). The behaviour of trace 

elements during subduction is a major control 
on the geochemical signature of magmas. Some 
LILE are generally more mobile in aqueous fluids 
than REE or HFSE. Consequently, magmas de-
rived from sources added by aqueous fluids typi-
cally display elevated LILE/REE or LILE/HFSE 
ratios compared to those influenced by partial 
melting of oceanic crust and subducted sediments 
(Özdemir and Güleç, 2014). Conversely, magmas 
affected by sediment melting often exhibit higher 
La/Sm ratios, although slab dehydration may 

a                                                 b

c                                                d

a                                                                                                                   b

a b
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also occur concurrently (Labanieh et al., 2012). 
In the case of the CVC, all analysed lavas show 
consistently low Ba/Th and high La/Sm ratios. 
The low Ba/Th values (<170) resemble those 
of global subducting sediment (GLOSS), which 
are dominated by terrigenous material similar to 
the upper continental crust (Plank and Langmuir, 
1998). This geochemical relationship suggests 
that source enrichment beneath the CVC primar-
ily results from the subducted continental-derived 
sediments, rather than fluid additions from the 
altered oceanic crust (Figure 8d).

Discussion

Petrographic and geochemical analyses of 
the volcanic rocks from Ciremai indicate open-
system behaviour in their magmatic processes. All 
samples exhibit porphyritic textures, where vari-
ations in crystal size reflect differences in magma 
cooling rates. Several microtextures further 
record dynamic magmatic conditions. Orthopy-
roxene phenocrysts rimmed by clinopyroxenes 
(Figure 4a) indicate unstable normal magmatic 
differentiation. The presence of gabbroic xenolith 
likely represents cumulate fragments derived 
from middle-lower crustal depths (Figure 4b). 
Significant changes in rock texture (hornblende 
andesite to basalt), mineral assemblages, and 
microtextures within its phenocrysts, such as in 
the last lava unit from Gegerhalang, indicate a sig-
nificant basaltic magma influx and mixing within 
the magma chamber. The occurrence of antecrysts 
also suggests an ongoing interconnecting mag-
matic process from the previous periods (Figures 
4d-e). The abundance of olivine in andesites and 
other microtextures, such as hornblende micro-
phenocrysts with their disequilibrium textures, 
coarse sieved plagioclase, and skeletal olivine 
(Figures 4c, f-h), reflects chemical inequilibrium 
and magma reheating due to repeated basaltic 
injections within the magma chamber. Prolonged 
intermittent basaltic injection and reheating is 
also recorded as compositional zoning within 
plagioclase crystals. Partial dissolution in cer-

tain crystals (plagioclase and some pyroxenes) 
further evidences more intensive reheating and 
mixing episodes, resulting in pronounced siev-
ing textures.

Based on the TAS diagram and magmatic 
affinity (Figure 5), the magma forming the CVC 
exhibits a clear calc-alkaline affinity. According 
to Wilson (1989), such calc-alkaline magmas 
are characteristic of convergent margins, typi-
cally reflecting subduction-related processes. A 
single trend of K2O vs. SiO2 suggests a progres-
sive differentiation from a cogenetic magma 
source. Furthermore, the relatively uniform trace 
and rare-earth element compositions among 
the analysed volcanic rocks indicate derivation 
from a single, compositionally evolving magma 
chamber. Geochemical variations, particularly in 
the LILE/REE and LILE/HFSE, imply that the 
primary magma originated from partial melting 
of the subducted oceanic crust. Enrichment of 
certain elements suggests that the melting source 
was subsequently modified by the addition of 
subducted continental-derived sediments (Figures 
7 ̶ 8), showing a significant source-enrichment 
chemical signature. These characteristics col-
lectively reflect a subduction environment where 
sediment contribution played a significant role 
in controlling magma composition beneath The 
CVC.

Geochemical analyses showed that the mag-
matic evolution of the CVC is primarily con-
trolled by fractional crystallization of plagioclase 
(progressing from Ca-rich to Na-rich), along with 
pyroxene and/or olivine and Fe-Ti oxides, particu-
larly in lower SiO2 contents (Figure 6). However, 
the temporal variation of SiO2 suggests recurrent 
influx and mixing of basaltic magma into a dif-
ferentiated magma residing within the magma 
chamber. This process was most pronounced at 
the end of the Gegerhalang Volcano's activity, 
marked by a large injection and mixing of ba-
saltic magma into a highly differentiated magma 
chamber. The resulting compositional and thermal 
disequilibrium likely destabilized the chamber, 
triggering a major eruption and the subsequent 
formation of the Gegerhalang Caldera. Minor 
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basaltic influxes and associated magma reheating 
at variable rates throughout later stages may have 
influenced the eruptive behaviour of the younger 
volcanic system in the CVC.

Conclusions

The activity of the Ciremai Volcanic Complex 
(CVC) is divided into four periods: Putri Vol-
cano, Gegerhalang Volcano, Wurung Crater, and 
Ciremai Volcano (with its parasitic volcanoes). 
Patterns and abundances of trace and rare-earth 
elements suggest that the magma forming the 
CVC derived from the melting of subducted 
oceanic crust. Source enrichment and modifica-
tion are predominantly due to the incorporation 
of a continental crust-derived sediment added to 
the mantle wedge. Based on microscopic petro-
graphic analysis, volcanic rocks of the CVC are 
olivine basalts, basalts, pyroxene andesites, and 
hornblende andesites, all showing a porphyritic 
texture. Dominant phenocrysts are plagioclase, 
pyroxene, olivine, hornblende, and opaque miner-
als. The magmatic affinity of the CVC is mainly 
calc-alkaline, with an enrichment of Fe during the 
early magma generation. Variable petrographic 
characteristics and geochemical signatures 
suggest a temporal variation in the magmatic 
processes, driven predominantly by fractional 
crystallization, basaltic injection, and magma 
reheating, which suggest open-system magmatic 
dynamics. Geological records show that dur-
ing the early activities in the CVC, continuous 
magmatic evolution from Putri to Gegerhalang 
ended with a major basaltic magma injection, 
destabilizing the evolved magma chamber. The 
injection and mixing previously explained, trig-
gered an explosive Gegerhalang Caldera-forming 
eruption. Post-caldera magmatism of Wurung 
Crater, Ciremai, and its parasitic volcanoes are 
also affected by a prolonged basaltic influx and 
magma reheating throughout their evolutionary 
processes. Singular chemical evolutionary trends 
and homogeneous trace and rare-earth element 
compositions suggest similar processes in an in-

terconnected open magmatic system throughout 
its history.
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