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|ABSTRACT |

Previous investigations of plutons in Sumatra were focused on age dating with minimum geochemistry composition
analysis. The purpose of this study is to define the geochemistry classification of the intrusions in central Sumatra
on describing the emplacement mechanism associated with Southeast Asia tectonics. The rocks composed of
quartz, K-feldspar, and plagioclase with amphibole, biotite, epidote, and zircon as accessory minerals. Six of
seven studied plutons range from monzodiorite to granite with metaluminous-slight peraluminous, medium to
very high-K calc-alkaline, magnesian, calcic to calc-alkalic affinities. The studied samples depict a wide range
of total REE composition of 39-1,369ppm. Most of the rocks denote Sr, Ti, Y, Ce, and Eu anomalies on the
primitive-mantle and chondrite normalized diagram. LREE are more enriched in comparison to HREE with (La/
Sm),= 1.71-18.75 and (Gd/Lu)y= 0.15-2.59. Most of the studied plutons are classified in the I-type according to
the A/CNK value, negative SiO, to P,O; correlation with magnesian and arc-associated character. A-type nature
of Sijunjung Granite is displayed on its high silica and REE content with ferroan, calc-alkalic, and within-plate
affinities. The existence of A-type intrusion implies an extensional setting during long time subduction episodes,
which triggered I-type magmatism since Late Permian to Neogene in Sumatra.
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INTRODUCTION Borneo, and Semitau accreted from the Paleozoic to the
end of Mesozoic (i.e. Barber and Crow, 2009; Breitfeld

The Southeast Asian region is constituted et al., 2017; Hall and Sevastjanova, 2012; Hazad et al.,
by continental blocks, namely Indochina-East Malaya, 2019; Hutchinson, 2014; Metcalfe 2011, 2013; Ng et al.,
Sibumasu, West Sumatra, West Burma, Southwest 2017). Cathaysia block including Indochina-East Malaya,
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West Sumatra, and West Burma, was added to Eurasia
since the Palacozoic while Sibumasu was accreted in the
Triassic. Southwest Borneo Block and the small Semitau
terrane accreted during the Late Cretaceous (Metcalfe,
2011, 2013). The West Burma block in Myanmar and
West Sumatra have been separated by the development of
the Andaman Sea since the Miocene (Barber and Crow,
2009; Hutchinson, 2014; Metcalfe, 2011). The Bentong
Raub Suture represents the closure of the Palaeo-Tethys
and marks the boundary between Sibumasu and Indochina
in Indonesia, whereas the Median Sumatra Tectonic Zone
separates the West Sumatra from Sibumasu (Barber
and Crow, 2009; Hall and Sevastjanova, 2012; Metcalfe,
2011; Ng et al., 2017). The Boyan Suture is the boundary
between the Southwest Borneo and the small Semitau in
northern Borneo. Three Tethyan oceans were involved in
the development of the Southeast Asia terranes, namely,
the Devonian-Triassic Palaco-Tethys, the Early Permian-
Late Cretaceous Meso-Tethys, and the Late Triassic-Late
Cretaceous Ceno-Tethys (Jiang ef al., 2017; Hutchinson,
2014; Metcalfe, 2013). The subduction of the Indian
Plate beneath Asia was considered to have initiated in
the Eocene (Ali and Aitchison, 2005; Irzon et al., 2018;
Setiawan et al., 2017).

The long-term continent-continent and ocean-
continent convergence in Southeast Asia led to plutonism
and the development of both fore-arc and back-arc
basins (Hutchinson, 2014; Metcalfe 2011, 2013). The
three igneous provinces in Southeast Asia, specifically,
Eastern, Main and Western ranges are associated with
the above-mentioned convergent settings. The subduction
of the Palaco-Tethys Ocean below Indochina-East Malaya
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FIGURE 1. Present tectonic plates in Southeast Asia terrane
(modification after Metcalfe (2011)).
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triggered the development of the Eastern granite province
whilst the later collision of Sibumasu and Indochina-
East Malaya generated the Main Range province (Barber
et al., 2005; Gasparon and Varne, 1995; Irzon ef al.,
2020; Metcalfe, 2013; Ng et al.,, 2017). Within the Malay
Peninsula, the Eastern province was further subdivided
into the Central and Eastern Belts while Main Range Belt
corresponds to the Main Range province (Cottam et al.,
2013; Nguyen et al., 2019). Ceno-Tethys subduction-related
Western Province extends mainly from Upper Peninsula
Thailand into Myanmar (i.e. Hazad et al., 2019; Jiang et
al., 2017). In addition, Clark and Beddoe-Stephens (1987)
proposed to include the Hatapang Granite in northern
Sumatra as a part of the Western Province, on the basis of
its geochemical affinities. Based on the investigation along
the suture between Mergui Microplate and the Permian
Volcanic arc in Central Sumatra, another granitic belt was
identified (McCourt et al., 1996). The subduction-related
magmatism formed small batholiths emplaced nearby the
continental margin of Sundaland to the southwest on West
Sumatra, which was amalgamated to Sibumasu in the Early
Triassic (McCourt ef al., 1996). Other studies interpreted
these plutons as a volcanic arc suite nearby the Bukit
Barisan Mountains with composition ranging from gabbro
to monzogranite (Cobbing, 2005; Irzon et al., 2018).

Small intrusions in the central Sumatra are mostly
emplaced in the volcanic arc suite. The oldest pluton is
the Ombilin Granite (OG), which was dated at 277-246Ma
(Koning and Aulia, 1985 in Barber et al., 2005; Suwarna,
2000 in Barber et al., 2005). K-Ar in biotites from Sijunjung
Granite (SG) yielded the Late Permian Age while the Sulit
Air Granite (SAG) yielded the Triassic to Jurassic ages
(McCourt and Cobbing, 1993 in Barber et al., 2005; Sato,
1991). The studies on the Tanjung Gadang Granite (TGG)
resulted in a Late Jurassic to Early Cretaceous age applying
the Rb-Sr method (Koning and Aulia, 1985 in Barber et
al., 2005; Pulonggono and Cameron, 1984). Three other
intrusives, namely Padang Panjang Pluton (PPP), Lassi
Pluton (LaP) and Lolo Pluton (LoP) were emplaced during
Paleocene, Eocene, and Miocene, respectively (McCourt
and Cobbing, 1993 in Barber et al, 2005; Sato, 1991).
However, these previous studies were focused on age dating
with incomplete trace and rare earth elements (REE)
analysis (e.g. Imtihanah, 2005; Sato, 1991).

Most of the Mesozoic intrusions in Sumatra are
I-type, subduction-associated, and situated in the Barisan
Mountains (Barber, 2000; McCourt ef al., 1996; Zhang et
al., 2018). However, several studies notified the presence
of anorogenic A-type intrusions, namely Sibolga Granite
(Setiawan et al., 2017; Zhang et al., 2020) and Sijunjung
Granite (Irzon ef al., 2018) in the central Sumatra region.
Therefore, more complete petrography and geochemistry
data on these plutons are required to explain the tectonic
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history of Sumatra. The aim of this paper is to establish the
classification of plutons from central Sumatra on drawing
their correlation with Southeast Asia tectonic history.

Geological Setting

Sumatra is situated at the western edge of Indonesian
archipelago and at the northeastern margin of Indian
Ocean. The island is presently constituted of two major
continental blocks: the Cathaysian West Sumatra and the
northern Gondwana-origin Sibumasu. Cathaysia which
is formerly consisted of Indochina, South China, North
Qiantang-Qamdao-Simao, West Burma, and West Sumatra,
possibly began to move away from Gondwana during
Devonian across the Palaco-Tethys Ocean (Barber and Crow,
2009; Hall and Sevasjanova, 2012; Metcalfe, 2011, 2013).
West Sumatra and West Burma detached from the Cathaysia
since Permian and inserted at the west margin of Sibumasu
during Triassic (Barber et al, 2005; Barber and Crow,
2009). The two blocks were separated by the Andaman Sea
since the Miocene. The contact of the West Sumatra and the
Sibumasu blocks is marked by the Medial Sumatra Tectonic
Zone (MSTZ), which extends from the Andaman Sea to
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southern Sumatra (Barber and Crow, 2009). The studied
intrusions are situated in a volcanic arc suite on the West
Sumatra continental region ( ). The plutonic rocks
are located in the proximity of the volcanic Bukit Barisan
Mountains, which extends almost 1,700km from north to
South of Sumatra.

Volcanic rocks were emplaced in Sumatra episodically
since pre-Triassic. Silungkang and Palepat Formations are
the two Permian extrusive rock units located in central
Sumatra region. The Palepat Formation which comprises
basic to intermediate lava lies near Tanjung Gadang while
the Silungkang Formation that is situated to the southeast
of Lake Singkarak and at the north of Ombilin Granite
mainly consists of andesite and meta-andesite (Silitonga
and Kastowo, 1995). Most of the Tertiary volcanic rocks
in Central Sumatra are situated less than 10km before the
west coast of Sumatra. Quaternary extrusives that occupy
large area in the studied location are easily found near
mountains, lakes, and sometimes near pluton bodies (

). Metamorphic rocks in Sumatra generally resulted from
contact effect of intrusion and subsequently by shearing
(Barber and Crow, 2009).

1QO° E 109.5° 191" 101‘.5°
\"\ \ ‘Bongsu M. @ N
X Malintang M,,, R
-\ Marapi M. A “, 2,
% T
?ng 7'\ - /%ﬁ Ba 020  ao0km |
| Tandikat M. . ?;)’lt ’ % njung %, % [ 5
gmblltln/“ & Balimbi /{;/ o’(’\(\\\ /é Granitoid Bodies
ranite o 2,
'%. \P;\“fé;“ 7 /////, % A Mountain
ing .
ﬁ \% P : RN
\\ '.\ 0 /;’,;’/ ] Quater\q;ry Volcanics
I N D I A N %.\"‘A' "/ //'//,///Z/Lassi Gadang - Triassic Vgl‘c\aniq‘s\
O C E A N S angl\;//.,_‘gluto // palepat F. .
1 %}’ ////; ' A Z /. Silungkang F. E
%\_ Medan M. é%
o 5 g
’é/jf/x,/f, Lolo /////
Plut
Ao SUMATRA
uncing /,,%///// i :
, L Tujuh M. -
\4 (%]
‘\'V
Keginci M.

FIGURE 2. Studied plutons situated in the west of Medial Sumatra Tectoni

¢ Line on the West Sumatra block (modified after Cobbing, 2005).

Mountains in the western region of Sumatra form the Bukit Barisan Mountains.
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SAMPLE DESCRIPTIONS
Sijunjung Granite

The Triassic Sijunjung Granite (SG) is exposed in
the northern part of the studied region with a dimension
of about 50x10km? (Silitonga and Kastowo, 1995) as
shown in . Major geochemistry composition
of two samples from this pluton were provided by Sato
(1991) and Sutanto (2005). The pluton was crystallized
in the Triassic according to K-Ar biotite and hornblende
datings (Sato, 1991; Silitonga and Kastowo, 1995). This
study analyzed five SG samples (SJ-30, SJ-31, SJ-87, SJ-
89 and SJ 90). SJ-30 and SJ-31 were collected from the
northwest whilst the others from the south of the granite
body. The specimens are fresh, pinkish, coarse-grained,
porphyritic with a mineral assemblage formed by quartz,
K-feldspars (megacrystal), biotite, and plagioclase.
Hornblends are clearly detected in a couple of samples
from the south of this intrusion.

Balimbing Pluton

The 16km? Balimbing Pluton is situated to the east
of Singkarak Lake ( ). OB-26 and OB-27 are the
fresh light grey and medium-grained rocks of Balimbing
Pluton (BP). Some very fine-grained aplites were
identified at the OB-26 outcrop. The samples are mainly
composed of quartz, K-feldspar, biotite, and hornblende.

Sulit Air Granite

The Triassic Sulit Air Granitoid (SAG) is located to
the east of the Balimbing Pluton and to the southwest
of the Sijunjung Granite. Cu mineralization is detected
in the 60km? pluton. Imtihanah (2005) described major
geochemistry of two samples from SAG. This study
collected four more samples from the pluton: SA-34, SA-
54, SA-56 A and SA-56 B. The first two are relatively
unaltered, light grey, and medium-grained rocks.
SA-56 A is a dull, medium-grained, and chloritized
intrusion while SA-56 B is a malachite ore with high Cu
composition.

Tanjung Gadang Granite

The 60x35km? large Cretaceous Tanjung Gadang
Granite (TGG) body is placed to the southwest from
SG and to the west from Lassi Pluton (LaP). Intrusive
rocks with their weathering horizons were found at
TG-02 and TG-05 stations on Tanjung Gadang Granite
domain. TG-02 might have been influenced by a higher
degree of weathering than TG-05 regarding its colour.
The specimens are majorly built of quartz, plagioclase,
K-feldspar with minor biotite.
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Lassi Pluton

The Lassi Pluton (LaP) crops out in three different
bodies ( ) with a northwest elongate exposure of
about 38x9km?. Sato (1991), Imtihanah (2005) and Sutanto
(2005) discussed a total of six samples of the Eocene pluton
regarding its petrography and major geochemistry points of
view. Ten LaP rocks are described and are analyzed in this
paper. LS-06, LS-07 A, LS-07 B, LS-08, LS-15 and LS-16
were sampled from the northern body of Lassi Pluton whilst
LS-12, LS-20 and LS-62 from the southwestern ones. Six
of the samples are categorized as fresh, light grey, medium-
grained rocks whilst LS-06, LS-07 A, LS-07 B, LS-08 and
LS-15 might have experienced some degree of alteration
regarding foliations, color, and texture. The alteration might
be explained by their location close to the Great Sumatra
Fault ( ).

Lolo Pluton

Alike the northern part of LaR the Miocene Lolo pluton
(LoP) is also emplaced just near the Great Sumatra Fault
and to the west of Mount Runcing ( ). Imtihanah
(2005) analyzed four samples from the 45km? pluton
geochemically but with incomplete REE composition. This
work investigated new three samples of LoP, namely LI-58
A, LI-58 B and LI-59. The rocks are light grey, medium
grain, and relatively fresh with hornblende crystals detected
megascopically. LL-58 might be located towards the edge of
the intrusion because hornfels were also discovered near
the sample location.

Tarusan Pluton

The Tarusan Pluton (TP) is located near the west coast
of Sumatra about 20km to the south from Padang. No
previous investigation ever discussed on the approximately
8km? rock body. Two samples were attained from this
location, namely TR-35 A and TR-35 B. TR-35 A is a
pinkish, phaneritic, coarse grain, and massive rock whereas
TR-35 B is relatively more brownish because of weathering.
Both of the specimens are composed of quartz, K-feldspar,
and plagioclase without hornblende observed.

Petrographic Characteristics

The selected plutonic rocks are generally medium to
coarse grain, having a porphyritic texture, and poor alteration
tendency. Quartz (0.1-1.5mm) is the most predominant
mineral in the range of 28-46% modal composition. The
euhedral and transparent phase form interlocking texture
is detected in a few samples. Although most of the quartz
show well-developed crystal faces, some of them have
round embayments. The selected samples are built of
7-21% modal composition transparent plagioclase. Some
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of the subhedral minerals are characterized by albite and
Carlsbad-albite twinning. Alkali feldspar of the samples
is subhedral and transparent in the range of 5-24% modal
composition. Except for the SG and TE hornblende and
biotite are found in most of the microscopic analysis (3-15
modal %). Some plagioclase and alkali feldspar are weakly
altered to sericite as shown in L1-59 from LoP. Some of the
biotite and plagioclase grains are to chlorite and epidote.

SG is special for the presence of alkali feldspar
megacrystals. Some K-feldspars are covered by plagioclase
with rapakivi texture. Mica muscovite (5-7 modal %) and
zircon are only detected in this Triassic intrusion. Muscovite
rarely occurs as separate crystal associated with biotite and
some is also identified in feldspar as secondary inclusions.
In SG samples, very fine grain zircon and apatite show
euhedral to subhedral crystals and commonly as inclusion
in quartz. The modal microscopic analysis results of
selected rocks are given in . In the QAP ternary plot,
the LaP, LoB, TP and SG samples fall within monzogranite-
granodiorite, granodiorite, syenogranite-monzogranite, and
syenogranite fields, respectively ( ).

ANALYTICAL METHODS

Major oxides analysis of 29 samples was conducted
using Advant X-ray fluorescence (XRF) while trace
elements and the full suite rare earth elements
compositions were measured using the quadrupole
X-Series Thermo Inductively coupled plasma-mass
spectrometry (ICP-MS). Both geochemistry preparation
and analysis were performed in the Center for Geological
Survey Laboratory in Bandung. Loss on ignition (LOI)
measurements were carried out by heating the samples
at 1000°C for an hour to determine their relative weight
loss. AGV-2, GBW 7110 and GBW 7113 were the certified
reference materials used in this study in verifying
measurement accuracy. The detail of the preparation
procedure, the analytical instrument setting, and data
verification protocols followed the previous studies

Central Sumatra plutons geochemistry with Southeast Asia tectonics

Q
1 = syenogranite
2 = monzogranite
3 = granodiorite
,l
1
1
)
1
1 1 2 3
1
1
1
L

L L AN

FIGURE 3. Quartz-Alkali feldspar-Plagioclase (QAP) plot (after
Streckeisen, 1976) of selected samples from central Sumatra plutons.
The selected rocks plotted in quartz-rich granitoid (2 samples),
syenogranite (4 samples), monzogranite (1 sample), and granodiorite
(2 samples) fields.

of Irzon (2017) and Irzon (2018). Data from previous
studies are also incorporated in this paper. Whole rock
geochemical composition of this study is shown in

RESULTS
Major Elements Classification

Some of the studied samples are altered based on the
LOI values >2%, so their composition has been recalculated
to 100% before plotting in geochemistry-based diagrams.
According to the major oxides classification of Middlemost
(1994), the samples plot in the monzodiorite (1 sample),
diorite (7 samples), granodiorite (3 samples), the granite
(9 samples) fields as shown in . The high felsic
character (Si0,=70%) is denoted on SG, TP and TG Granite.

TABLE 1. Modal composition of microscopict analysis on plutons in Central Sumatra (%)

Sample  Pluton Primary min. Accessory Secondary Opaque
Qtz Kfs Plg Bt Ms Hb Px Zr Apt Ser Chl Ep min.
LS-16 LS 35 20 2 10 10 8 15
LS-62 LS 38 10 20 8 12 7 5
LS-63 LS 37 5 20 10 15 5 5 3
SJ-30 SJ 28 15 8 10 6 5 5 2 7 6 3 5
SJ-31 SJ 27 14 7 12 7 3 10 7 5 5 8
SJ-87 SJ 2717 14 7 7 5 5 10 5 5 5 5 5
TR-35 TR 33 24 15 12 8 8
TR35- TR 37 26 10 18 2 2 5
LL-59 LL 46 6 21 8 5 5 4 5
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The Alumina Saturation Index (ASI) or molar A/CNK (Al,
0,,/Ca0+Na, O+K, O) of the plutons from central Sumatra
are mostly <1.1. SAR TP and LoP are clearly metaluminous
with the molar A/CNK <1 ( ). On the other hand,
the SG and LaP are in metaluminous to slight peraluminous
array. The peraluminous character of some samples might
result from partial melting of metasedimentary rocks and
mafic source rocks or amphibolites (Chappel ef al., 2012;
Nguyen ef al., 2019; Sarjoughian and Kananian, 2017).

The intrusions from central Sumatra show markedly
different array as seen in the SiO, versus K,O chart. LoR,
LaP SAG, and BP show calc-alkaline to high-K calc-
alkaline tendency whereas TP and TGG are high-K
calc-alkaline. SG depicts the richest potassium which is
classified in Shohonite Series ( ). Moreover, the
SG is ferroan with high Fe* (FeO./(FeO+MgO)) values
( ) which implies strong iron enrichment than the
other magnesian plutons. On the basis of Modified Akaline-
Lime Index (MALI), both ferroan and magnesian rocks can
be further classified into calcic, calc-alkalic, alkali-calcic
and alkalic. The SG samples fall in alkali-calcic and alkalic
fields whereas the others mostly range in calcic and calc-
alkaline ( ).

Trace and Rare Earth Elements Characters

Total REE content in the studied rocks is in the range of
39ppm (LS-16, LaP) to 1,369ppm (SJ-30, SG). SG rocks
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show higher Ga, Rb, Y and Ba, but lower Sc concentration
relative to the other six intrusions. Moreover, this Triassic
pluton has the highest REE content of averagely 466 ppm.
The normalized trace elements in most studied rock suites,
display comparable distribution patterns with negative
anomalies for Sr, Ti and Y ( ). However, the rocks
from TP denote positive Y anomaly while the southern
group of LaP without Y anomaly Sr and Ti negative
anomalies should have been generated from plagioclase and
titanite removal, respectively (Perez-Soba and Villaseca,
2010; Sarjoughian and Kananian, 2017).

The chondrite-normalized REE patterns depict the
more light-REE (LREE) enrichment ((La/Sm)y= 1.71-
18.75) in comparison to heavy-REE (HREE, (Gd/Lu)
n= 0.15-2.59). Steeper negative slope on REE pattern is
represented in SG and the northern rocks from LaP for
which the average value of (La/Yb)y is 8.41 and 9.87,
respectively. Most of the studied plutons generally exhibit
negative Ce anomaly (Ce/Ce*= 0.01-0.85), except for a
couple of rocks from Sijunjung Granite and a Tarusan
Pluton sample without notable Ce anomaly. Negative Eu
anomaly which indicates plagioclase fractionation (i.e.
Elitok et al., 2014; Irzon and Abdullah, 2016; Irzon,
2017; Kara et al.,, 2018; Montez et al., 2017) is shown
by most of the samples in the range of 0.13 to 0.84 and
emphasized the previous Sr anomaly. On the other hand,
rocks from the northern part of LaP display positive
Eu anomaly to emphasize different evolution process.
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FIGURE 4. A) The plutons in Central Sumatra show a wide range on Total Alkali-Silica (TAS) diagram (after Middlemost, 1994) from monzodiorite to
granite. However, Sijunjung Granite depicts the most felsic character and fall within granite field; B) Most of the samples are metaluminous except
LS-16 (Lassi Pluton) and SB-89 (Sijunjung Granite) on the A/CNK (molar Al,04/(Ca0+Na,0+K,0)) versus A/NK (molar Al,Os/(Na,O + K,0)) diagram

(after Maniar and Piccoli, 1989).
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Negative Ce anomaly in igneous rocks explains that the
source material exposed just below the surface or as
a result of post-magmatic supergene processes under
oxidizing conditions (i.e. Gazel et al., 2006; Lee et al.,
2013). The strong positive correlation of Ce anomaly to Eu
anomaly on SG, the northern group of LaP and LoP with
correlation coefficient of 0.81, 0.86, 0.98, respectively
might imply a secondary oxidizing conditions after
emplacement, rather than their nature during magmatic
differentiation. However, the number of samples from the
other plutons is not enough to establish such conclusion.
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DISCUSSION
Alphabetic Classification

The most commonly used plutonic rocks classification
is the alphabetic-SIAM scheme. The igneous (I-type) and
supracrustal (S-types) granites were proposed based on
the research in Lachland Fold Belt (Chappel and White,
1974). The anorogenic or rift-related A-type rock was
originally explained by Loiselle and Wones (1979) whereas
the description of the subducted oceanic crust derived
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FIGURE 6. Primitive mantle (Sun and McDonough, 1989)-normalized trace element variation and chondrite (Boynton, 1984)-normalized REE
variation diagrams for the plutons in Central Sumatra: A, B) The high REE content Sijunjung Granite; C, D) A relatively similar pattern on Balimbing
Granite, Sulit Air Granite and Tanjung Gadang Granite; E, F) three samples from Lolo Pluton and a deep Eu negative anomaly at Tarusan Pluton and
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M-type intrusion was suggested by Whalen (1987). The
classification of this alphabetic scheme was determined on
both minerals and geochemistry characteristics.

The predominance of hornblende and biotite combined
with a lack of muscovite and monazite minerals is a feature
of I-type intrusive rocks (i.e. Irzon et al., 2020; Sarjoughian
and Kananian, 2017). It is generally accepted that I-type
pluton is metaluminous to slight peraluminous with A/
CNK<1.1 whilst S-type granites is characterized by a strong
peraluminous affinity (i.e. Charusiri et al., 1993; Irzon,
2016; Irzon et al., 2020; Nguyen et al., 2019). In several
cases, peraluminous nature could also result from highly
fractionated I-type granites (Jamil et al., 2016; Perez-Soba
and Villaseca, 2010; Pollard et al., 1995). SiO, to P,O;
correlation is useful for distinguishing the I- and S-type
granite, in which I-type granites show a negative correlation
while S-type rocks show a positive one (i.e. Ghani ef al.,
2013; Nguyen et al., 2019). The most unique feature of
I-type granites is the magnesian composition whatever
their affinity to Peacock index series, namely -calcic,
calc-alkalic, alkali-calcic and alkalic (Castro, 2019).
Most plutons in central Sumatra are classified as I-type
based on the metaluminous to slight peraluminous and
magnesian features with negative SiO,-P,O; correlation.
Moreover, these plutons fall within Volcanic Arc Granites
(VAG) field on the Y+Nb versus Rb and Y versus Nb plots

( )-

SG denotes different characteristics with the other
studied plutons in this paper. The Al,O; and CaO
contents of the Triassic intrusion is low but with high

A
Syn-collision Withip P]ate
Granitoid Granitoid
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Si0,, Nb, Na,0+K,0O, and total REE abundances (

) as the indications of A-type granite
(Loiselle & Wones, 1979; White & Chappell, 1983).
Those characters combined with the distinctly high TiO,/
MgO and K,0/Na,0 ratios ( ) imply shallow crust
origin of the rock (Patino Douce, 1997). The ferroan,
calc-alkalic, metaluminous-peraluminous, and high-silica
content (Si0,=70%) of Sijunjung Granite is coeval with
the A-type plutons widespread in Burma (Jiang et al.,
2017), Namibia (Stammeier et al., 2015), southwestern
United States and Amazonia (Frost and Frost, 2011). Frost
et al. (2016) argued that this kind of silica-rich intrusion
results from partial melting of tonalite or granodiorite. In
the tectonic discriminant diagram of Pearce ef al. (1984),
the Sijunjung Granite tends to be in the field of the A-type
within-plate granites ( ).

Tectonic Implication

Studies explain that I-type magmatism is generally
triggered by subduction in an active continental margin of
igneous derived material while S-type is mostly emplaced
in continental collisional and intraplate orogenies because
of crustal thickening causing melting of lower crustal
metasedimentary rocks (i.e. Jiang et al., 2017; Liu et al.,
2020; Oliver et al., 2014; Sarjoughian and Kananian, 2017;
Setiawan et al., 2017). Castro (2019) argued that a fluid-
fluxed melting of igneous rocks in the continental crust in
short time span (<30Myr) also generates secondary I-type
granites and is not directly associated with a subduction
setting. The later mechanism of I-type intrusion is not
common in Southeast Asia due to the presence of long

Within Plate
Granitoid

Sijunjung Granite

rogenic Granitoid

Volcanic Arc +
Syn-Collision Granitoid

Y (ppm)

FIGURE 7. The samples of Sijunjung Granite typically fall within the within-plate granite field of Pearce et al. (1984) discrimination to imply the A-type

character on A) (Y+Nb) versus Rb; and B) Y versus Nb diagrams.
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FIGURE 8. A) SiO, versus TiO,/MgO ration and B) SiO, versus K,0/Na,0 ratio of the studied rocks. Sijunjung Granite denotes higher TiO,/MgO and

K,0/Na,O0 ratios than other intrusions.

life subduction both below Indochina-East Malaya
resulting the Eastern Province (Late Permian-Triassic)
and beneath West Burma-West Sumatra that generated
the Western Province (Triassic-Miocene). In most cases,
A-type granite is emplaced in extensional tectonic
environments and do not appear to be associated with
plate boundaries (Amiruddin, 2011; Searle et al., 2012;
Setiawan et al., 2017). Recent Sumatra is formed after a
long period of plates detachment, rotation, and accretion/
amalgamation involving continent-ocean and continent-
continent convergencies in Southeast Asia region. Long
term intrusions in Sumatra are evidenced from the Late
Permian Ombilin Granite to the Miocene Lolo Pluton
(Barber et al., 2005). Almost all of the studied plutons
are categorized as arc-associated I-type intrusions
except for the Sijunjung Granite with anorogenic A-type
characteristics as discussed above. The presence of the
A-type intrusion explains an extension setting during long
time subduction episodes in Sumatra that also happened
in Sibolga (Setiawan et al., 2017; Zhang et al., 2020).

Palaeo-Tethys was opened during the Permian at
the time when the composite Cathaysia separated from
Gondwana. The subduction of the ancient ocean below
Indochina should have begun in the Permian (Hutchinson,
2014; Metcalfe, 2013). Meanwhile, some part of Cathaysia,
especially West Sumatra and West Burma drifted away
since the Late Permian. The Late Permian OG (Koning and
Aulia, 1985 in Barber ef al., 2005; Silitonga and Kastowo,
1995) most possibly intruded before West Sumatra and
West Burma separated from Cathaysia. Sibumasu started
to drift away from Gondwana since the Early Triassic that

Geologica Acta, 19.9, 1-14, I-111 (2021)
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opened the Meso-Tethys but narrowed the Palaeo-Tethys
(Metcalfe, 2011). On the other side, West Sumatra and
West Burma rotation finished and the plates accreted to
Sibumasu. No convergency happened during that time to
postulate the anarogenic origin of the Late Permian-Early
Triassic SG (Sato, 1991; Silitonga and Kastowo, 1995).
The crystallization of SG is coeval with Sibolga Granite,
which also indicates several anarogenic facies (Setiawan
et al., 2017). The Palaeo-Tethys totally closed in the
Middle Triassic.

Sibumasu collision to Indochina-East Malaya is not
correlated to the studied intrusions but might triggered
plutonisms in Riau Islands and Bangka-Belitong. Meso-
Tethys subduction under West Sumatra should have
initiated in the Jurassic SAG (Sato, 1991) and the Late
Jurassic-Early Cretaceous TGG (Koning and Aulia, 1985
in Barber et al., 2005; Pulunggono and Cameron, 1984).
After the closure of the Meso-Tethys, the Indo-Australia
Ocean underwent subduction below Sumatra until now
and triggered the Cenozoic LaP and LoP (Imtihanah,
2005; Sato, 1991). However, no previous age dating
describes the emplacement of the nearshore TP and west
Ombilin-situated BP The emplacement mechanism of
studied plutons with their association to Southeast Asia
tectonic activities is simplified in

CONCLUSION

Rock samples of seven plutons in central Sumatra
were analyzed using petrography and geochemistry

[ 10|



R. Irzon et al.

A Late Permian
Gondwana

Meso-Tethys

= )

Sibumasu

) ¢

. . +
B Triassic W. Sumatra+W.Burma

\ l

h
A’SG A

' .
»
- '
]

extenS|on H

C Jurassic - Miocene
Meso-Tethys

Meso-Tethys

W. Sumatra

Indo-Australia

Sibumasu

Sibumasu

Central Sumatra plutons geochemistry with Southeast Asia tectonics

Cathaysia
W. Sumatra+W.Burma

Palaeo-Tethys

G

Palaeo-Tethys

East Malaya
Accretionary

Prism
[
*
.
L
5
Bentong Raub
Suture

FIGURE 9. Tectonic history in correlation to the studied plutons. A) Ombilin Granite (OG) crystallized because of Palaeo-Tethys subduction before West
Sumatra and West Burma separated from Cathaysia; B) the A-type Sinjunjung Granite (SG) was formed due to extension in West Sumatra plate during
the Triassic and C) Meso-Tethys subduction below West Sumatra triggered the Sulit Air Granite (SAG) and Tanjung Gadang Granite (TJG) plutonisms.
After the closure of Meso-Tethys, Indo-Australia continued the subduction to initiate the Lolo Pluton (LoP) and Lassi Pluton (LaP) crystallizations.

methods. According to their mineral composition, most
of the studied plutons in central Sumatra are classified
as the I-type intrusions on the presence of biotite-
hornblende without muscovite-monazite. A/CNK
value <1.1, magnesian affinity, and negative SiO,-P,0;
correlation of the plutons are in line with I-type nature.
A-type characters of Sijunjung Granite are amplified from
its high Si0O,, Nb, Na,0+K,O0, and total REE abundances
with ferroan and within-plate affinities. The Ombilin
Granite should have been formed before the detachment
of West Sumatra-West Burma from Cathaysia. The
intrusions of Sulit Air Granite and Tanjung Gadang
Granite happened due to Meso-Tethys subduction
under West Sumatra, whilst the Lassi and Lolo plutons

Geologica Acta, 19.9, 1-14, I-111 (2021)
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are associated to the Indo-Australia and West Sumatra
convergency. The A-type Sijunjung Granites signifies an
extensional environment during episodic of subduction
in Sumatra.
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TABLE 1. Major oxides composition of intrusive rocks from seven plutons in Central Sumatra

Sample SiO2 TiO2 AlOs Fe2Osr MgO MnO CaO Na:0O KO P20s LOI

Lassi Pluton
LS-16 55.70 0.46 2180 4.90 284 014 6.18 417 105 038 211
LS-17 61.58 0.31 19.12 4.24 245 015 647 3.08 1.12 0.32 0.97
LS-15 60.63 043 17.88 3.83 116  0.11 428 345 288 0.15 4.81
LS-62 61.84 059 18.01 4.79 260 010 436 354 304 0.15 0.79
LS-63 61.68 063 18.09 4.76 2.81 010 421 332 353 015 049
SM27 A' 66.82 0.31 17.58 2.5 044 006 362 589 140 0.08 1.08
198/012 75.09 0.17 13.83 1.09 0.22 0.03 063 4.11 439 0.04 0.37
198/022 69.77 0.21 17.22 2.31 064 006 392 458 120 0.09 0.34
198/032 50.62 0.95 17.87 1196 473 020 927 320 1.10 0.11 1.06
198/042 63.98 042 1727 542 192 013 582 379 080 024 1.29
S43 79.2 013 12.15 1.2 0.31 0.04 135 395 1.06 0.02 0.74
PD 58 536 110 191 9.00 295 019 66 450 151 0.63 0.63

Sijunjung Granite
SJ-30 68.50 0.26 17.10 2.32 046 004 088 359 545 0.10 1.50
SJ-31 68.80 0.34 16.30 2.90 059 004 160 324 491 0.12 0.98
SJ-87 70.75 0.34 1351 3.76 043 005 178 295 549 0.12 0.77
SJ-89 66.05 042 17.32 4.23 037 005 071 231 494 0.05 3.01
SJ-90 7146 0.18 1418 268 0.16 0.04 1.01 3.02 586 0.07 1.01
SB43! 7271 0.32 14.05 217 029 006 121 324 512 019 0.7
RD 16° 69 04 1470 252 061 006 217 312 562 0.12 0.35
SB-90B 7146 0.18 1418 2,68 0.163 0.04 1.01 3.02 586 0.07 1.01

Sulit Air Suite
SA-34 56.46 0.68 1897 6.48 422 013 6.67 297 225 027 0.66
SA-54 60.59 048 17.84 533 339 011 506 305 258 0.16 1.23
1 98/072 63.18 0.52 16.24 6.24 273 010 554 322 232 010 1.5
198/082 63.85 0.51 16.07 5.93 252 012 544 328 218 0.12 1.51

Ombilin Granit
OB-26 64.37 0.38 18.18 3.00 242 008 372 363 315 0.19 0.72
OB-27 61.47 020 21.41 2.61 1.72 0.06 390 441 195 0.16 1.93

Tarusan Pluton
TR-35A 7177 012 15.46 1.02 0.21 0.01 156 450 4.69 0.01 0.84
TR35-B 70.79 0.09 16.51 0.95 023 0.00 163 514 368 0.00 1.19

Lolo Pluton

LL-59 68.44 0.31 16.07 3.00 136 0.05 321 388 323 0.10 0.51
LL-58 A 5057 1.03 18.11 1055 490 011 770 563 048 0.15 0.64
LL-58B 7239 0.14 16.50 0.58 0.15 0.01 113 336 495 0.05 0.63
1-98-92 7155 033 1410 3.23 0.87 0.054 287 352 3.06 0.066 0.39
1-98-102 65.88 0.58 16.13 4.78 1.66 0.097 446 357 265 0.14 0.59
1-98-112  64.79 0.55 16.07 5.64 203 0.092 536 355 197 01 0.48
1-98-132 7491 0.18 13.54 1.63 0.35 0.027 161 328 43 0.03 0.39

Tanjung Gadang Granite
TG-05 69.27 0.26 16.26 2.65 094 007 168 413 322 0.08 1.27
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DOI: 10.1344/GeologicaActa2021.19.9



Central Sumatra plutons geochemistry with Southeast Asia tectonics

Irzon et al.

R.

‘e’'U B'U B'U B'U B'U B'U B'U B'U B'U B'U ¢l BU 9 66 00F 992 €ve 695 00GL OFIe 280/86 |
‘e’'u B'U B'U B'U B'UL B B'U B'UL B'UL B'U p'gL e'U L'ez L8 8Ly §2C  v¥E  L'Z9 OF'vL 0082 220/86 |
190 VG €40 €0S €91 85/ 980 2S¢ 20V GLS 8L €9y TSI LSL 08S ¥9Z 8.2 SL 06'LL 96l ¥G-vS
¥9'0 96'S 6.0 99G 98°L 616 €L 92¢ G9L 616 2€8 T8 V¥6'SZ 859Z 8Ver €062 €S€ €L I¥SL €202 7e-VS
SISEIVATIS

8¥'0 LZL 8¥0 2LV 8¢l 6.8 260 LG 980 828 GO'LE 850l 680G €F9¢ LI¥E GSPS 9L 62y v¥9'8L L¥'Z  <906-9S
‘e’'u B'U B'U B'U B'UL B'U B'U B'UL L9, B'U gy eru 06 Gy G90L Oy OLlZ 08z BU Q08 9l ad
8’0 LZ'L 8¥0 2LV 8SL 6.8 260 LL'G 980 828 GO'LE 850l 680G €¥9E LIPE GGPS 9L 6y 98l I¥e 06-rS
€0 €£¢ 2Z€0 LLZ 160 8¥9 280 ¥Z9 vL'L G6L ZT€r 8.2 €L GLES 98.. 602¢ ZTLLL 16C €66l GEV 68-rS
/1T0 ¥SC 620 22T €80 2VrS 120 6L €60 €09 96LE Lv6 689, 868 €967 GL'SZ 66FL 0.2 $9LL 08¢€ 18-S
190 2.9 260 ¥89 9T 8CL vl 299 88l /Ll 68 62 .08 SOL GL9 8ve ¥8L ZSZT 0€SZT IrY Le-rs
9y vy 85 8%y S G788 0L GZ¢ €9 688 LOF 90l 96 Se¥ 9/9 €8 GZL  ¥BE 00L€ 98¢ 0e-rs
ajuels bunfunfis

''B'U ¢ B'U 9¢ BU 99 BU 'B'U GB'L BU g¢  eu yIel /2 S/8 68 0TL  Ig e'u 0002 ¢S dd
e’u Zy0 BU 90 BU G0 BU BU | BU H$g  eu 1l 05 08§ S gee e |''U 00C 7S
‘e’'U B'U B'U 'B'U 'B'U B'U B'U B'U B'UL B'UL L'9L B'UL G'ee /) /29 /0L 0S8 96L 0£8L 86l Z70/86 |
‘e’'U B'U B'U B'U B'U B'U B'U B'U B'U B'UL p6 U 9L ¥'9  60F S9L 6¥Y9 ZlZ 028l G'8E 2€0/86 |
‘B’'U B'U B'U B'U B'U B'U U B'UL B'UL B'UL QgL B'UL 9'G6E 902 8¥S  Sv 290l 692 0LZL 09€ 220/86 |
190 996G /20 8¢S 9L /G§8 20l S0EC ¥O'L C¢L L0E 189 LT IT¥Z €hy S8 ¥9L  LZL Ov'LL €66 £9-S1
2.0 6.9 60 6£9 S0C 66 €L ¥E ¥LL ¥L'8 9L€€ G9L L¥9Z 9682 60V vZTYE  LLL 66 252ZL €0Cl Z9-S1
Z0 /¥l LZ0 SL LS0 6SC $£0 821 120 L0€ ZvL 8ye €LL €GL 9¢F ¥8L +¥0Z 8. 8.6 98/ G1-S1
L'0 890 ¥L'0 290 ¥20 /2L 8L0 6.0 190 961 20l 19T 806 9L €€ 80. 68 ¥Z 086 2S9 21-S7
LL'0 ¥8°0 SL'0 680 L0 291 €20 880 ¥.0 92¢ 2SO0l G¥Z 108 620l Z22€E ¥r6 008 GZ 16'LL GEOL 91-87
uojn|d Isseq

N gA wl J3 o4 AQ 9L PO N3 WS PN id 8D el eg A s ay e9 o8 a|dwes

(S002) O1UBINS ‘¢ pue (G00Z) YeueylW| :Z “(T661) OIES T "souepunge sjuslisje Ylies aies pue aded] °|| 318vL

Geologica Acta, 19.9, 1-14, I-111 (2021)

DOI:

10.1344/GeologicaActa2021.19.9



Central Sumatra plutons geochemistry with Southeast Asia tectonics

Irzon et al.

R.

90, 86/L €Ll 928 G.T S8¥ElL GSSL 6€Y 951 9€6 8ZSE GZ'8 +vO6L 88C¢ G/95 2588 ¥.I  60L 6¥CZL 12Tl G091
ajuels) buepes) Bunlue

‘e’'u 'B'U B'U B'U B'U B'U B'UL B'U e'U B'U gL B'UL @y Z6L LLL Z6L  0Zv 88EL 09CL 0ZV 2€1-86-|
‘B'U B'U B'U B'U B'U B'U B'U B'U B'U B'U G'EL B'U 2 12 1SZ 12 0lZ 229 099L 0042  ZLL-867
‘e’'U 'B'U B'U B'U B'U B'U B'U B'U B'U B'UL 80 B'U 9 12 €82 2 0ZvL 80L 0L9L 0Zvl 201-86-|
‘e’'U 'B'U B'U B'U B'U B'U B'U B'U B'U B'UL Q7L B'U G'¢ €1z 69l  €1LZ 090L L'/6 06'EL 090L £6-86-1
690 2¥9 ¥80 G09 S0CZ <CLL LSV ¥8S L LZL S8 G0Z ¥9 ¥SL 2SS SZE  IEL 8Z 08°0Z 8.LS g9 85-11
260 26v S90 2GSV 8¥L 6¥.L €60 6C 960 LY.L 128 99/ LGZ 18 SS§ v¥Z 9zl Gz o0gel  1§C V 86-T11
€10 €L°L €20 €0 8€0 L €£0 LE€0 220 850 6S29 +SL GZL S8/ Ge¥ /6'LL  90L €Ll 28L 26T 66-11
uojn|d 0|07

/L0 621 €20 G20 620 ¢V0 ¥20 LZ0 LOO €0 G5G 9L ¥lZ 68 68l 6L 6. 06 O0¥9L 80¢ g-GS Yl
8l'0 ¥I 920 190 S¥0 85l G50 ¢8C 200 82€ 169C GL/. G¥9S 20ve 6.2 °14 19 zzL  ovelL v6lL V Ge-dl
uojln|d uesnie|

290 16G S0 €0S +9L 6€8 901 ZS€ 88l L£€8 ¥6E 96 YOS vOF 18, €€ L0¥ ¥6  0.GL 908 12-90
820 /ST €€0 2Z¢C SL0 LL€ 1S0 861 16O 9Sv €2 2SS lZ  ¥¥Z G5 9Ll vP9 €8 €18 ¢€lg 9z-90
8jiues uliquo

n gA wl J43 o4 Aqg gL P9 N3 WS PN id Ele) e7 eg A IS qy e9 o8 e dwes

‘PeNURUOY "II 318VL

Geologica Acta, 19.9, 1-14, I-111 (2021)

DOI:

10.1344/GeologicaActa2021.19.9



