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ABSTRACT

This study reports petrology and geochemistry of potential rare earth elements (REE) bearing 
granitoid from South Sulawesi. The granitoid consists of monzogranite, granodiorite and diorite 
with subordinate of quartz monzonite, monzodiorite and syenite. Major and trace element analysis
were determined using XRF method while trace element and rare earth element composition were
determined by ICP-MS method. Geochemical study suggested that the granitoid were
metaluminous series and “I-type” granitoid. They were furthered classified as calc alkaline series in
AFM diagram. The total REE concentration in the granitoids range from 279 ppm to 400 ppm
whereas total REE + Y contents up to 305 ppm for Polewali and 428 ppm for Masamba granitoid. 
Chondrite normalized REE patterns were characterized by enrichment of LREE with the depletion
of heavy HREE. REE-bearing mineral were detected as zircon, apatite and monazite as shown by
the positive correlation between Zr and P2O5 contents in bulk rock with REE content.

Keywords: Petrology, geochemistry, granitoid, rare earth element, Sulawesi

Article history: Received 21 May 2016, last received in revised 28 May 2016.

1. INTRODUCTION

Environmental application of Rare

Earth Element (REE) has significantly 

increased over the past three decades. REE 

are essential and crucial to every aspect of 

green economy from wind turbine to electric

vehicle to energy vehicle lighting. The use of

several REE in automobile technology such

as automotive pollution-control catalyst

converter will eventually reduce CO2

emission. In addition, large application of 

magnetic refrigeration technology also could

significantly reduce energy consumption as
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well as CO2 emission. Nowadays, source of 

REE is heavily dependent on some weathered

crust deposits in China (ex. Bayan Obo

Deposit and highly weathered granitic rock

from Southern China) which has recently 

imposed restrictions on their import. This 

condition has led to the growing concern that 

the world may soon face a shortage of rare 

earth elements resources. Therefore, other 

sources of rare earth elements are expected to 

be developed in order to balance supply and 

demand of them. Rare earth elements 

mineralization occur in some deposit types;
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e.g. carbonatite rock formation, granitoid,

manganese deposit hydrothermal iron-ore

deposit, placer deposit, lateritic soil, ion 

adsorption weathering crust and uranium 

deposit [1-2].

One of the most promising sources of

these elements is in granitoid as reported by 

previous studies [3-5]. These rocks are 

widely distributed in Sulawesi Island which

located in the central part of the Indonesian

archipelago. This paper reports the

geochemical characteristic of rare earth

elements (REE) bearing granitoids in

Polewali and Masamba area, South Sulawesi, 

Indonesia.

2. METHODOLOGY

Sixteen fresh granitoid samples were 

randomly taken from the outcrops in both 

Polewali and Masamba areas. The samples 

were prepared and studied petrographically

to determine rock types, mineral

assemblages, fabric and textural relations. 

They were later crushed and pulverized and 

approximately 1 kg were crushed and milled 

to 200 mesh and then thoroughly mixed 

using a swing mill. Major and trace elements 

compositions were analysed at Dept. of Earth 

Resources Engineering, Kyushu University

and ALS Chemex, Vancouver, Canada,

respectively. Major compositions were

determined on fused disc and pressed powder

using X-ray fluorescence spectrometer

Rigaku RINT-300 whereas rare earth element

and trace element were determined by ICP- 

MS method.
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3. RESULT AND DISCUSSION

A. Geology

The study areas were located in the 

northern part of the west region of the island, 

particularly in Polewali and Masamba area 

which more than 300 km and 400 km to the

northward of Makassar in distance,

respectively (Fig.1). Both areas are separated 

by mountainous topography and consist of 

Tertiary and Quaternary volcanic rocks. The 

Polewali granitoid consist of granite to

diorite in composition [6]. However,

Sukamto [7] classified these rocks as

intrusive rocks groups, consisting of

granodiorite and recent report from Djuri et

al. [8] reported these rocks as intrusive rocks 

group consisting of generally acid to

intermediate in composition, such as granite,

granodiorite, diorite, syenite, quartz

monzonite and rhyolite. They further

concluded the age of these rocks to be 

Pliocene since the Unit intruded the Mio- 

Pliocene Walimbong Volcanic rocks.

Elburg and Foden [9] reported that the

intrusive body from this area consists of 

granodiorite, syenite and rhyodacite and

dated as 5.7 to 8 Ma. Simanjuntak et al. [10]

reported the occurrence of Masamba granitic 

rock and classified them into Kambuno

Granitic group consisting of granite,

granodiorite and gneiss rocks. The age of

these groups were interpreted as Tertiary as 

they intruded the Bonebone Formation which 

is Tertiary in age.
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Fig. 1 Map of Sulawesi Island and studied area

B. Petrography

In Polewali, a series of small plutons 

consist of monzogranite and granodiorite,

intruded into the Upper Cretaceous

sedimentary Latimojong Formation. The 

monzogranite, represented by sample POL-

ST3, shows porphyritic texture and contains

plagioclase as phenocrysts set in a

groundmass of plagioclase (40%),

hornblende (25%), biotite (15%), quartz 

(10%), and K-feldspar (5%), with accessory 

titanite, apatite and opaque oxide. In another 

monzogranite (POL-ST1), plagioclase occurs

as phenocrysts, up to 8 mm in length,

showing polysynthetic twinning and

containing abundant inclusions of quartz and 

biotite. Granodiorite (POL-ST2) consists 

mainly of plagioclase (50%), quartz (15%),

hornblende (15%), biotite (10%), K-feldspar

(<5%), and some accessory minerals (e.g. 

titanite, zircon and opaque oxide).
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A composite pluton composed of 

granodiorite, quartz monzonite and syenite is

found in Mamasa, approximately 60 km NE

of Polewali Pluton. Granodiorite (MA-41BA) 

consists of plagioclase (60%), quartz (10%),

hornblende (15%), biotite (10%), and

accessory minerals (titanite, apatite and

opaque oxide), whereas quartz mononite

(MA-45) shows a granular texture, consisting

of plagioclase (50%), quartz (15%)

hornblende (15%), biotite (15%), and K-

feldspar (<3%), with some accessory

minerals (e.g. titanite, opaque oxide and

zircon) (Fig. 2a). Monzogranite (samples

MA-48 and MA-46) is mainly composed of 

plagioclase (45%), quartz (30%), K-feldspar 

(10%), biotite (10%), and hornblende (5%), 

with accessory mineral of titanite and opaque

oxide (Fig. 2b).
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Fig. 2. a) Photomicrograph of granodiorite 
(MA-45) from Mamasa consisting mainly
of plagioclase, quartz, hornblende and
biotite. Accesory of titanite and opaque
oxide are common (cross-polorized). b) 
Biotite in monzogranite (MA-41) showing
reddish brown color (plane-polarized).

C. Major and Trace elements

Major and trace element

compositions of representative lithologies are 

presented in Table 1 & Figs. 3. The granitoid 

are vary in silica contents between 56 and 76 

wt% and were plotted in the field of granite,

granodiorite and diorite with subordinate

quartz monzonite and monzodiorite in Total 

Alkali Silica (TAS) diagram of Le Bas [11].

All the samples were plotted in calc-alkaline

series in AFM diagram. Excepting Na2O and 

K2O, the major element oxide vs. SiO2 

diagrams displays linier trends, indicating 

fractional crystallization process (Fig. 4). The 

trace element data are also commensurate 

with fractional crystallization with lower Sr,

Rb and Ba relative to an increase of the SiO2.

D. Rare earth element

Total REE contents of Polewali

granitoid range from 191 to 277 ppm

whereas those from Masamba granitoid

ranges from 47 to 399 ppm (Table 1).

Fig. 3. Major composition of samples from Polewali and Mamasa area plotted in TAS and AFM
diagram
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Variations in total REE among individual 

samples may reflect variable crystallization 

of zircon, apatite, monazite and allanite. All 

of the analysed sample have right-inclined, 

chondrite-normalised REE pattern, showing 

significant light rare earth element (LREE)

enrichment (Fig.5). They also show

pronounced negative Eu anomaly, indicating

early fractionation of plagioclase. The

Polewali granitoid behave homogeneously on 

the chondrite-normalised REE [12] plots, 

with LaN:YbN = 8 – 19.8, fairly flat HREE

from Dy to Lu and negative Eu anomaly. The

Masamba granitoid shows two groups in 

chondrite-normalised REE plots. The first 

group show higher LREE content compare to

Polewali samples with LaN:YbN ranges from

15 – 51 whereas the second groups show 

lower value of LaN:YbN (less than 5). All 

samples resemble upper continental crust 

composition from Rudnick and Gao [13]. 

The ASI (Aluminium Saturation Index), 

molar Al2O3/Na2O+K2O+CaO for all but

three samples is < 1, and molar

Al2O3/Na2O+K2O is higher than one ,

indicating that most samples are

metaluminous I-type granitoid.

4. DISCUSSION

A. Rare earth elements enrichment

The granitoid from Polewali and 

Masamba area were highly fractionated as 

shown by the strong negative Eu anomaly. 

However, one samples from Masamba area 

show positive Eu anomaly suggesting the K- 

Feldspar fractionation in magma chamber.
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Discrimination diagram of SiO2 vs ∑REE,∑ 

LREE, ∑ HREE and ∑ REE + Y (Fig.6) 

composition show relatively negative

correlation suggesting that REE were

depleted by the magmatic differ entiation. 

However, the diagram show that the samples

with has SiO2 ranging from 60 to 65 wt%

tend to contain higher REE than other 

samples. This is in contrast to granitoid from 

southern China [14] which showed an 

increasing pattern of REE with SiO2 

enrichment, especially HREE.

The depletion of REE along with

enrichment of SiO2 suggests that REE

mineral crystallize before the quartz

crystallization in highly fractionated magma. 

Rare earth elements in granitoid are hosted

by some accessories minerals. In Polewali

and Masamba granitoid, the accessories

mineral which responsible for the

occurrences of these elements are zircon, 

apatite and monazite which supported by the 

positive correlation of Zr element and P2O5 

content in bulk rock with REE content 

(Fig.7). The high ratio of HREE/LREE 

indicates that the enrichment of HREE is not 

pronounced from these samples. Overall, the 

content of REE in granitoid from Polewali 

and Masamba area are low to moderate in 

scale.
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Figure 5. Chondrite normalized REE pattern 
of Polewali and Masamba samples. Upper 
continental crust composition shown as
comparison.

Figure 4. Variation diagram of major and
trace element vs SiO2

Figure 6. Discrimination diagram showing
(a) SiO2/∑ HREE, (b) SiO2/∑ LREE, (c) 
SiO2/∑ REE, (d) SiO2/∑ REE + Y. 
Symbol as shown in Fig.2
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Figure 7. Diagram showing (a) Zr /∑ REE, (b) P2O5/∑ REE. Symbol as shown in 
Fig.2

5. CONCLUSIONS

The granitoid from Polewali and 

Masamba area are dominated by granodiorite 

with granite, diorite, quartz monzonite and

monzodiorite in composition. Most samples

were plotted into metaluminous field, calc 

alkaline affinity and further classified as I- 

type granitoid. The total REE for Polewali 

samples range from 191 to 279 ppm (average 

of 249) whereas those from Masamba ranges 

from 47 to 399 ppm (average of 194). All 

samples show enrichment of LREE relative

to HREE. The REE-bearing minerals

detected from the rocks are zircon, monazite

and apatite as shown by chemical

composition.
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