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ABSTRACT 

Mount Agung is an active stratovolcano on Bali Island. The eruption of Mount Agung, which took place in 1963, 

was the largest eruption after Mount Krakatoa in 1883 and became one of the most prominent eruptions in the 20th 

century. Pre-eruption history of Mount Agung has yet to be known in detail. This study aims to determine the history 

of the pre-1963 volcanic activity of Mount Agung. Based on statistical, petrological, and mineralogical data 

analyses, the result shows that the pre-1963 eruption of Mount Agung was influenced by three cogenetic magmas 

that can be divided into four eruption periods, i.e., pre-3200 ± 60 BP, 3200 ± 60 – 1870 ± 40 BP, 1870 ± 40 – 1040 

± 50 BP, and post-1040 ± 50 BP. Mount Agung’s historical activity was marked by the injection of the basaltic 

magma in the pre-3200 ± 60 BP period and reached its peak in the 3200 ± 60 – 1870 ± 40 BP period. Both periods 

produced dominant basalt to basaltic andesite lava units (SiO2 51 – 56%). The end of the 3200 ± 60 – 1870 ± 40 

BP period was marked by Bukit Pawon parasitic cone formation. In 1870 ± 40 – 1040 ± 50 BP, many pyroclastic 

flow units were formed in addition to the emergence of basalt to andesite lava units. During this period, magma 

differentiation continued as indicated by the rising content of SiO2 (51 – 58%), which was controlled by 

crystallization fractionation. During this period, a small injection of basaltic magma occurred, which caused the 

magma to mix with the previously differentiated magma. At the beginning of the post-1040 ± 50 BP period, there 

was a slight injection of basaltic magma. Afterward, magma underwent intensive differentiation coinciding with the 

increase of SiO2 (53 – 63%), followed by crystal fractionation and slight crustal contamination. The evolved magma 

can produce pyroclastic fall, pyroclastics flow, and lava units. 
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INTRODUCTION 

Only 69 out of 120 volcanoes in Indonesia 

are monitored by the Centre of Volcanology 

and Geological Hazard Mitigation (PVMBG). 

Apart from the highest number of volcanoes, 

the number of victims due to volcanic disasters 

is also ranked first globally [1]. The condition 

suggests that the study of volcano and disaster 

mitigation in Indonesia has become essential. 

One of the critical pieces of information 

needed in volcanic hazard assessment is 

detailed historical records of volcanic activity 

[2]. 

Mount Agung is an active stratovolcano 

located in Karangasem Regency, eastern Bali 

Province. The eruption of Mount Agung in 

1963 was the largest eruption with the highest 

magnitude in Indonesia, after Mount Krakatoa 
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in 1883, and became one of the most 

predominant events in the 20th century due to 

its influence on the global climate [3,4]. This 

eruption released lahars, pyroclastic flows, 

lava, and volcanic earthquakes, which caused 

more than 2000 deaths [4–7]. 

Previous research on Mount Agung 

mainly focused on the 1963 eruption [3,4]. 

However, the pre-existing volcanic activity is 

not well recorded [2,4]. Information has 

mainly been gathered from the Balinese 

historical records, which mention eruptions in 

the 16th to 18th centuries, precisely in 1843, 

1821, 1808, and 1711 [2]. Therefore, this study 

includes the comprehensive historical activity 

of Mount Agung, especially before 1963. 

Mount Agung has one main crater at 3014 

meters above sea level. In addition, Mount 

Agung also has a parasitic cone, Bukit Pawon, 

on the southeast slope with an altitude of 800 

meters above sea level. The pre-1963 volcanic 

deposits consist of 14-lava units, 5-flow 

pyroclastic units, and 2-fall pyroclastic units 

[8]. Based on the volcano-stratigraphy (Figure 

1), Mount Agung produced dominant lava 

units in the older period. Pyroclastic flow units 

began to appear in 1870 ± 40 BP, and 

pyroclastic fall units began to form in 1040 ± 

40 BP. 

 

Figure 1. Geological map of Mount Agung [8]. The map is equipped with the sample location, consisting of 18 lava 

samples for petrography and six (6) samples for mineral chemistry analysis 
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METHODOLOGY 

Well-preserved lava samples were taken 

from 18 outcrop locations around Mount 

Agung (Figure 1). Microscopy observations 

have been conducted using a polarizing 

microscope on all lava samples to observe the 

mineral composition. The geochemical 

analysis has been performed from the six 

selected samples using Scanning Electron 

Microscopy-Energy Dispersive X-Ray 

Spectrometry (SEM-EDS). The instrument 

used is JEOL JSM-IT-300 for SEM-EDS, 

carried out in the Laboratory of Chevron-

Bandung Insitute of Technology, Indonesia. 

The test aimed to identify the major and minor 

element content (such as Ti, Al, Fe, Mn, Mg, 

Ca, Na, K, P, Cr, Ni) of the phenocrysts in the 

samples.  

In addition, bulk geochemical analysis 

was obtained using additional published data 

from Fontjin’s [2] (46 samples) and 

Dempsey’s [9] (18 samples). The collected 

data from the literature consists of several 

major elements (SiO2, Al2O3, Fe2O3, FeO, 

MnO, MgO, CaO, Na2O, K2O, TiO2, P2O5) 

and trace elements (Rb, Sr, Y, Nb, Zr, Cr, Ni, 

Cu, Zn, Ga, Ba, Pb, Th, U, La, Ce, Nd, Sm). 

All of the sample used in this study is 

presented in Table 1. 

 

 

Table 1. The list of samples used in this research includes 18 samples as primary data and 64 samples as 

supplementary data consisting of 46 samples from Fontijin [2] and 18 samples from Dempsey [9] 

 

 

RESULTS  

Data and stratigraphic correlation were 

needed to find the relationship between the 

existing samples used in this research for 

better understanding. The correlation is based 

on: (1) the same absolute age in Nasution’s 

geological map [8] and Fontjin’s research [2] 

(Figure 2); (2) SiO2 vs. K2O diagram, which 

shows the existence of three cogenetic magma-

differentiation (Figure 3). With those basics, 

the authors divided the pre-1963 Mount Agung 

volcanic activity into 4-periods, namely the 

post-1040 ± 50 BP, 1870 ± 40 BP – 1040 ± 50 

BP, 3200 ± 60 BP – 1870 ± 40 BP, and the pre-

3200 ± 60 BP period. 

 

Petrography and Mineral Composition 

Based on microscopic observations of 18 

lava samples, all eruption periods produced 

pyroxene-andesite rocks (classified from 

[10]), which have a porphyritic texture. The 

phenocrysts composition is dominated by 

plagioclase, followed by pyroxene, opaque 

minerals, and olivine. 
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Figure 2. Data and stratigraphic correlation of age [2], rock units [8], and sample used in this study represent the 

rock units 

 
Figure 3. SiO2 against K2O diagram. The diagram shows three cogenetic magma trendlines and the distribution of 

the samples in each period. The used data are from [2]. Data from Dempsey [9] is presented as a comparison 
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Plagioclase is the predominant phenocryst 

presented in all samples. The crystal exhibits 

subhedral, varying microtextures (Figure 4). 

Coarse sieve is abundant, followed by 

glomerocryst, fine sieve, fine-oscillatory 

zoning, and resorption surface. Based on the 

An composition taken from mineral chemistry 

analysis (Figure 5), in pre-3200 ± 60 BP 

period, plagioclase contains a long-range of 

An38–89. The core tends to be more calcic 

than the rim. In the 3200 ± 60 – 1870 ± 40 BP 

period, the An content decreased to An67–83. 

Both core and rim have a wide range of An. In 

1870 ± 40 – 1040 ± 50 BP, the An composition 

decreased to An43–88. In the post-1040 ± 50 

BP period, plagioclase minerals have An38–

86, with the same distribution pattern as the 

first period. The core is more calcic than the 

rim. According to the scanline test, the mass 

percentage of Ca in plagioclase decreased 

from the core to the rim in each eruption period 

(Figure 5). 

 
Figure 4. Selected images of the pre-1963 Mount Agung 

eruption products are presented in the form of 

plagioclase under the optical microscope observation. 

(A) Coarse sieve texture in Sample GA-TD1 (pre-3200 

± 60 BP). (B) Fine sieve texture found in Sample BPW-

2 (3200 ± 60 – 1870 ± 40 BP). (C) Fine oscillatory 

zoning and coarse sieve texture in Sample TAR-2 (1870 

± 40 – 1040 ± 50 BP). (D) Glomerocryst texture in GA-

TU1 (post-1040 ± 50 BP). In detail, the annotation 

includes Plag = Plagioclase; FS = Fine Sieve; CS = 

Coarse Sieve; FOZ = Fine Oscillatory Zoning 

 
Figure 5. The selected electron images of minerals were 

identified using SEM-EDS and quantitative scanline. 

Blue +: approximate analyzed points. (A) Plagioclase in 

sample GA-TD1 (pre-3200 ± 60 BP period) shows 

decreasing Ca from core to rim. (B) Plagioclase in 

sample GA-DA1 (1870 ± 40 – 1040 ± 50 BP) indicates 

a similar pattern 

 

Pyroxene minerals as phenocrysts (Figure 

6A and 6B) occur in subhedral–anhedral 

forms. Pyroxenes present as local cumulocryst 

with plagioclase, olivine, and opaque minerals. 

There are two types of pyroxenes observed in 

each sample. Orthopyroxene is represented by 

enstatite, while clinopyroxene has an augite 

composition (classified from [11]). Based on 

the scanline test from each eruption period, the 

mass percentage of Mg in enstatite and augite 

increases from core to rim (Figure 7A and 7B). 

Based on geochemical analysis (Figure 7A and 

7B), in pre-3200 ± 60 BP period, enstatite has 

Mg#61–77, whereas augite has Mg#73–78. In 

the following period, the Mg# content in 

enstatite increased to Mg#65-76, but Mg# in 

augite decreased to Mg#71–76. In the 1870 ± 

40 – 1040 ± 50 BP period, the Mg# 

composition in enstatite and augite tended to 

decrease to Mg#65–75 and Mg#72–77 in 

order. In post-1040 ± 50 BP period, the Mg# 

content in enstatite and augite tend to increase 

to Mg#67–72 and Mg#67–81. 
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Figure 6. Selected images of minerals during the pre-

1963 Mount Agung eruption products are presented 

from the optical microscope. (A) Clinopyroxene as 

cumulocryst of Sample GA-TD1 (pre-3200 ± 60 BP). 

(B) Orthopyroxene in sample BPW-1 (3200 ± 60 – 1870 

± 40 BP BP). (C) Olivine as microfenocryst in sample 

MTG-5A (1870 ± 40 – 1040 ± 50 BP). (D) Olive, 

plagioclase, orthopyroxene, clinopyroxene, olivine, and 

opaque minerals cumulocryst were found in sample 

MTG-5C (1870 ± 40 – 1040 ± 50 BP). In details, the 

annotation includes Ol = Olivine, Opq = Opaque 

Mineral; Cpx = Clinopyroxene; Opx = Orthopyroxene; 

Plag = Plagioclase 

 

In general, olivine minerals representing 

the pre-1963 eruption samples occurred as 

microphenocrysts (Figure 6C). The crystal 

exhibits subhedral–anhedral forms. Olivine 

has a reaction rim composed of pigeonite or 

enstatite (classify using [11]). Based on 

mineral chemistry analysis (Figure 7C), 

olivine in pre-3200 ± 60 BP contains Fo62–78 

with more Mg-rich core than the rim. In the 

3200 ± 60 – 1870 ± 40 BP, the Fo content tends 

to decrease, becoming Fo60–71, but both core 

and rim have a wide range of Fo. In the 1870 

± 40 – 1040 ± 50 BP period, the Fo content 

slightly decreases to Fo59–71. Subsequently, 

in post-1040 ± 50 BP, the Fo composition 

increases to Fo66–76. The core seems more 

enriched with Mg than the rim. 

According to scanline tests, the 

percentage mass of Mg content in olivine 

decreased in each eruption period. The 

decreasing content of Mg from the core to the 

rim (Figure 7C) is caused by the presence of 

the reaction rim. 

 
Figure 7. Selected electron images of SEM-EDS and 

quantitative scanline. Blue +: approximate analyzed 

points. (A) Enstatite of Sample GA-TD1 (pre-3200 ± 60 

BP) generally increases Mg from the core to the rim. (B) 

Augite in sample DTH-1 (3200 ± 60 – 1870 ± 40 BP) 

increases Mg from core to rim. (C) Olivine with reaction 

rim of Sample GA-TU1 (post-1040 ± 50 BP) shows 

decreasing Mg from core to rim 

 

Opaque minerals are present as 

phenocrysts with anhedral shapes. 

Cumulocryst presents locally with plagioclase, 

pyroxene, and olivine (Figure 6D). Based on 

the geochemical analysis, the opaque mineral 

from all eruption periods has a magnetite 

composition (classified from [12]) 

 

Geochemical Analysis 

Bulk geochemical analysis was carried 

out using primary data taken from the 

published journals by Fontjin [2]. In 

comparison, this study used data from 

Dempsey [9] to determine the suitability of 
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clusters distribution. The first analysis is the 

normative mineral that expresses the 

molecular proportion [13]. This paper used the 

CIPW calculation excel sheet program written 

by Hollocher [14]. Based on Table 2, all 

samples from each period are characterized by 

the presence of quartz and hypersthene that 

shows saturated to highly saturated silica 

magma.  

Next, using plotted data on the Le Bas 

diagram [15] of total alkali (Na2O + K2O) 

against SiO2 (Figure 8), the eruption products 

from each period are as follows: (1) The pre-

3200 ± 60 BP consists of basaltic-andesite 

rocks with SiO2 53 – 56 wt%; (2) 3200 ± 60 – 

1870 ± 40 BP consists of basalt to basaltic- 

andesite rocks with SiO2 51 – 56 wt%; (3) 

1870 ± 40 – 1040 ± 50 BP consists of basalt to 

andesite rocks with SiO2 53 – 58 wt%; (4) The 

post-1040 ± 50 BP period consists of basaltic-

andesite to dacite rocks with SiO2 53 – 63% 

wt%. 

Magma series or magma affinity can 

interpret the volcano-tectonic setting [16]. The 

magma affinity is obtained by plotting the 

K2O vs. SiO2 diagram [17]. The result (Figure 

9) shows that all samples are from the calc-

alkaline magma series. According to Wilson 

[16], the plotted samples represent the 

convergent plate boundaries (subduction). 

 

Table 2. Percentage of normative minerals present in each period of the pre-1963 eruption of Mount Agung. The 

geochemical data used are from [2] 
 

 
 

 
Figure 8. The Fontjin’s data [2] was plotted on the Na2O + K2O vs. SiO2 diagram [15] to determine the geochemical 

rock name. Dempsey’s data [9] is used as a comparison 
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Figure 9. The distribution of Fontjin’s data [2] on the K2O vs. SiO2 diagram [17] indicates the magma series of 

Mount Agung eruption products. Dempsey’s data [9] is used as a comparison 

 

Harker diagrams show the change of 

major elements to SiO2 to define the magmatic 

activity [18,19]. Crystal fractionation is 

depicted as a curved pattern. The pattern 

indicates the depletion of certain compatible 

elements from the magma melts depending on 

the mineral phase during crystalization [20]. 

Harker diagram of TiO2, MgO, Fe2O3, and 

CaO (Figure 10) shows the occurrence of this 

process. The older period (pre-1040 ± 50 BP) 

indicates the fractionation of magnetite, 

olivine, and pyroxene. Next, the CaO diagram 

exhibits the plagioclase fractionation, which is 

predominantly occurred in the younger period 

(post-1040 ± 50 BP). The differences in the 

minerals that undergo fractionation are also 

supported by Dempsey’s research [9], which 

begins from the two fractionation vectors 

during the magma differentiation process. The 

evidence is well identified from plagioclase 

minerals [9,21]. 

Figure 11 shows data distribution against 

the two trendlines of plagioclase fractionation 

[21]. The figure suggests that all pre-1040 ± 50 

BP periods lie along the curved line indicating 

that the plagioclase fractionation was 

restrained. In contrast, the post-1040 ± 50 BP 

period follows the other line, which shows the 

occurrence of plagioclase fractionation. The 

differences correspond to the previous 

research that Mount Agung is possibly 

controlled by a high pressure-deep magma 

reservoir that can withstand plagioclase 

fractionation and a shallow magma reservoir 

with lower pressure [7,9,22]. 

The tectonic setting was done by plotting 

trace elements that have been normalized with 

the primitive mantle onto a spider diagram 

[23]. Figure 12 suggests that the Rb, Ba, Th, 

and K (LILE) and La – Sm (LREE) contents 

are enriched, while Eu – Lu (HREE) 

experienced a depletion. According to Dirk, 

these features indicate the properties of a 

subduction zone [24]. In addition, the Nb 

content also shows a negative anomaly which 

is also a characteristic of convergent plate 

boundaries [16]. Thus, it can be inferred that 

Mount Agung comes from a volcano 

associated with a convergent plate boundary 

(subduction). The types of subduction, island 

arc or active continental margin, have been 

distinguished using the ratio of Zr to Zr/Y from 

Pearce [25]. 

Based on Figure 13, Mount Agung is 

produced by the subduction of oceanic crust 

beneath continental crust. Next, the La/Sm to 
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Th/Nb diagram specifies the differentiation 

type depending on the tectonic setting [26,27]. 

Figure 14 shows that in the older period (pre-

1040 ± 50 BP), the magma differentiation 

process is associated with subduction-related 

enrichment. Meanwhile, in the younger period 

(post-1040 ± 50 BP), there is a slight influence 

from the presence of crustal contamination. 

 

 
Figure 10. Selected Harker diagrams show the distribution of the major elements SiO2 as a differentiation index. 

The black arrow indicates the trend of particular minerals depletion. The geochemistry data plotted is from Fontjin 

[2], while Dempsey’s data [9] is used to compare. 

 

 

 
 

Figure 11. Diagram of MgO against Al2O3 with two trends of plagioclase fractionation [9,21]. The geochemical 

data used is from Fontjin [2], while Dempsey’s data [9] is used to compare
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Figure 12. Spider diagram of Mount Agung eruption trace elements. The geochemical data are from Fontjin [2]. 

The sample was normalized against the primitive mantle [23]. A similar diagram of the Mount Batur eruption 

products [28] was used to compare. 

 

 
 

Figure 13. The Diagram of Zr vs. Zr/Y differentiates the continental and oceanic arc [25]. The rock geochemistry 

data is from Fontjin [2]. Dempsey’s data [9] is used as a comparison. 

 

 

 
Figure 14. La/Sm vs. Th/Nb diagram with several differentiation vectors [26,27]. The rock geochemistry data is 

from Fontjin [2]. Dempsey’s data [9] is used as a comparison. 
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DISCUSSIONS 

The geochemical analysis reveals a 

comprehensive result of the Mount Agung 

magma evolution in the pre-1963. The result 

was also strengthened by petrography and 

mineral analysis. Thus, the discussion will 

compile all the gathered results. 

The magma source of Mount Agung is 

interpreted from the content of Fo in olivine 

phenocrysts [29]. The original magma from 

the mantle source exhibits forsterite content 

for more than Fo88 [16,30]. The Fo content in 

olivine, representing the pre-1963 eruption, 

ranges from Fo60–78. This evidences that the 

primitive magma of Mount Agung is derived 

from the partial melting process. The SiO2 

content of the primitive magma of Mount 

Agung can also be interpreted from K2O 

against the SiO2 diagram (Figure 3), assuming 

that the K2O content is not affected by the 

crystal fractionation process and can represent 

the actual content of the magma. According to 

the diagram, the three trendlines come from 

one point at lower SiO2. Therefore, it indicates 

that the three cogenetic magmas are derived 

from the same magma source. However, if the 

trendline is extended, the primitive magma has 

a SiO2 content of ~50 wt%. 

Magma evolution began in the pre-3200 ± 

60 BP period, which produced basaltic 

andesite with 53 – 56 wt% SiO2. From the 

early to the late eruption period, SiO2 content 

in the rock sample continued to decrease. This 

indicates a basaltic magma injection. In the 

3200 ± 60 – 1870 ± 40 BP period, Mount 

Agung erupted a basalt to basaltic andesite 

with SiO2 51 – 56 wt%. The increasing 

hypersthene as the normative mineral shows 

that magma saturation has decreased. This 

period also produced low SiO2 samples. Based 

on this evidence, the 3200 ± 60 – 1870 ± 40 BP 

period may become the peak of the basaltic 

magma injection, which has begun since the 

previous period. Then, towards the end of the 

period, the SiO2 content in the rock samples 

increased, indicating that magma underwent a 

differentiation process in the form of olivine-

pyroxene-magnetite fractionation based on 

previous analysis. At the beginning of 1870 ± 

40 – 1040 ± 50 BP, Mount Agung produced 

eruptive products with the lowest SiO2 value. 

It is expected that magma injection has 

occurred at the beginning of the period and led 

to the magma mixing with the previously 

differentiated magma. The eruption period 

produced basalt to andesite composition with a 

dominant SiO2 value at 53 – 58 wt%. The 

percentage of normative quartz increased, 

suggesting the rise of magma saturation. 

Subsequently, the magma continued to 

differentiate. At the beginning of the post-

1040 ± 50 BP period, compared to the late 

period 1870 ± 40 – 1040 ± 50 BP, there was a 

decrease in SiO2 and K2O values. It indicates 

that this period started with magma injection 

first. Mount Agung eruption gradually 

produced basaltic to dacite andesite rocks with 

a long interval of SiO2, 53 – 63 wt%. The 

normative quartz became more abundant while 

the hypersthene composition decreased. It 

suggests that magma experienced intensive 

differentiation during this period. Based on the 

geochemical analysis, this differentiation is 

influenced by plagioclase fractionation and a 

slight presence of crustal contamination, as 

observed in the geochemical analysis. 

The petrographic analysis supports the 

interpretation of magma evolution. The 

predominant minerals found are plagioclase, 

with many types of plagioclase textures. It 

implies the occurrence of magma evolution 

[31]. Table 3 shows the presence of 

plagioclase microtextures in each period. The 

most abundant textures are coarse sieves, 
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suggesting that magma primarily undergoes a 

decompression process. The differentiation 

process occurred simultaneously. The 

differentiation causes the magma to become 

saturated with SiO2 that in line with the 

percentage of shallow-tail and broken crystal 

textures developed in each period. From the 

fine sieve and resorption surface, it is 

suggested that the basaltic magma injection 

appeared in each period. In the 3200 ± 60 to 

1870 ± 40 BP, the abundance of those textures 

rose compared to the pre-3200 ± 60 BP. It 

means that magma injection in this period was 

more intensive. The peak of magma injection 

occurred at 3200 ± 60 – 1870 ± 40 BP was 

shown by the coarse sieve microtextures, 

which were highest during this period. The 

increase of fine sieve and resorption surface in 

1870 ± 40 – 1040 ± 50 BP can be affected by 

the injection of more basaltic magma, which 

caused magma to mix with previously 

differentiated magma. Thus, the dissolution 

process in plagioclase increases. In the post-

1040 ± 50 BP period, fine sieve and resorption 

surface percentage decreased compared to the 

previous period. It proves that magma 

injection was not taking place intensively. 

 

Table 3. The percentage of the plagioclase microtextures represents each pre-163 Mount Agung eruption period. 

 

The geochemical mineral composition 

was observed based on the development of 

%mol forsterite (Fo) in olivine (Figure 15A), 

%mol of anorthite (An) in plagioclase (Figure 

15B), %mol Mg# in enstatite (Figure 15C) and 

augite (Fig. 15D). The figure above shows that 

the magma of Mount Agung underwent a 

differentiation process. In the pre-3200 ± 60 

BP period, the erupted magma produced 

minerals with Fo, Mg#, and An content. 

Magma injection occurrence during this period 

was recorded in enstatite and augite, which had 

an increasing %mass of Mg from the core to 

the rim. The peak of magma injection occurred 

in the 3200 ± 60 – 1870 ± 40 BP. This period 

sequentially produced Agung Lava 5 to 8 (Al 

5 – 8), Pawon Lava (Pl), and Pawon Scoria 

(Psk) units [8]. The peak of magma injection 

is hypothesized to occur during the formation 

of the Agung Lava 5 to 6 (Al 5 – 6) units. 

Afterward, the differentiation process took 

place and formed the Agung Lava 7 (Al 7), 

Pawon Lava (Pl), Skoria Pawon (Psk), and 

Agung Lava 8 (Al 8). From the Fo, Mg#, and 

An content, the content was decreased in the 

samples of DTH-1 (representing Al 7) and 

BPW-2 (representing Pl). The peak of magma 

injection during the formation of Agung Lava 

5 to 6 (Al 5 – 6) units are also supported by the 

increase of Mg# in enstatite minerals (Figure 

15C). Based on the two-phase incongruent 

melting, if olivine has excess silica, refer to the 

olivine in the Agung Lava 5 and 6 (Al 5 – 6), 

enstatite minerals will be formed in the 

following unit, the Agung Lava 7 (Al 7). This 

condition is proven by the dominant presence 

of enstatite in the DTH-1 (representing Al 7). 

Then in 1870 ± 40 – 1040 ± 50 BP, the %mol 
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of Fo, An, and Mg# tended to decrease. This 

condition shows that magma continued to 

undergo a differentiation process. The 

presence of more basaltic magma injection 

during this period was recorded in enstatite 

and augite with the increasing %mass Mg# 

from the core to the rim. In the post-1040 ± 50 

BP, in general, Fo, Mg#, and An increased 

compared to the previous period. This period 

is represented by GA-TU1, Agung Lava 12 (Al 

12), which formed at the beginning of the 

period. Based on geochemical interpretation, 

the beginning of the period is indicated by the 

injection of basaltic magma, as evidenced by a 

rise in the content of Fo, Mg#, and An in 

minerals. Here, the differentiation process 

takes place. This process can be seen from the 

scanline results of plagioclase and olivine 

minerals which show decreasing An and Fo 

content.  

 
 

Figure 15. The development of Fo composition in olivine (A), An composition in plagioclase (B), Mg composition 

in enstatite (C), and Mg composition in augite phenocrysts (D) in each pre-1963 eruption period of Mount Agung. 
 

 

CONCLUSION 

The history of pre-1963 Mount Agung 

activity began from the partial melting due to 

the subduction of the convergent plate during 

the Quaternary Period. The partial melting 

produced magma with calc-alkali affinity. The 

primitive magma of Mount Agung probably 

contains ~50 wt% SiO2. As it rose to the 

surface, the primitive magma underwent 

differentiation and was divided into three 

cogenetic magmas. The magmatic activity of 

Mount Agung begins in the pre-3200 ± 60 BP 

period. The eruption of this period resulted in 

dominant lava units. In this period, the 

injection of basaltic magma began to occur and 

reached its peak in the 3200 ± 60 – 1870 ± 40 

BP. Then, magma underwent a differentiation 

process, olivine-pyroxene-magnetite 
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fractionation. This period also produced 

dominant lava units. At the end of the period, 

there was an eruption at the Bukit Pawon 

parasitic cone. In the next period, 1870 ± 40 – 

1040 ± 50 BP; the Mount Agung eruption 

formed large pyroclastic flow units in addition 

to producing lava units. It denotes that magma 

continues to differentiate. At the beginning of 

the period, basaltic magma injection took 

place, which caused magma to mix with 

previously differentiated magma. The magma 

underwent re-differentiation, controlled by the 

olivine-pyroxene-magnetite fractionation. 

There was a slight magma injection at the 

beginning of the post-1040 ± 60 BP. Intensive 

differentiation process following the 

subsequent process as evidenced by 

plagioclase fractionation and probably slight 

influence from crustal contamination. 

Eventually, Mount Agung could produce thick 

pyroclastic fall units, followed by the 

pyroclastic flow and lava units.  
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