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Abstract: The Western Belt granites of Peninsular Malaysia have been considered as constituting 
exclusively'S' type granites. The'S' type features in the granites are, (a) high initial 87Srj86Sr isotope 
ratio, > 0.710, (b) low Na20 content, < 3.2% Nap in rocks with - 5% ~O, (c) narrow range offelsic rock 
(Si02: 65.95 to 77.4%), (d) high ~OlNap ratio, 1.4-2.8 (S type: 0.9-3.2), (e) usually ilmenite-bearing and 
(f) contain pelitic or quartzose metasedimentary xenoliths. Despite the similarities above, the Western 
Belt granites also have some characteristics which are more characteristic of '1' type than those of the 
oS' type granites, namely (a) AI-rich minerals such as sillimanite and cordierite are absent except some 
andalusite, (b) occurrence of primary wedge sphene and pale green amphibole especially in the northern 
part of the batholith, (c) pinkish K-feldspar crystals (usually as phenocrysts) present, (d) occurrence of 
mafic, hornblende-bearing enclaves, (e) increasing ACNK value with Si02, (f) increasing peraluminosity 
towards the most differentiated rocks ('S' type granite: increasing peraluminosity towards the most 
mafic varieties) and (g) P20 5 vs Rb trend is similar to the '1' type granite. The aspects of the Western 
Belt granites highlighted in this paper warrants more serious and in-depth study in order to understand 
the nature of the granite source rock(s) (cf. Chakraborty, 1994). They are clearly some differences 
between the Western Belt protolith compared to those of the southern Australian rocks. 

INTRODUCTION 

The Western Belt granites of Peninsular 
Malaysia (Fig. 1) are characterised by the huge 
mountain range extending from Malacca in the 
south to Thailand in the north (Cobbing et al., 
1992). The country rocks penetrated by the granites 
are predominantly isoclinally folded phyllitic Lower 
Paleozoic metasedimentary rocks including marble, 
and less strongly folded Upper Paleozoic formations. 
The granites have been considered as constituting 
exclusively'S' type granites (e.g. Liew, 1983; 
Hutchison, 1996). However, recent studies and 
reviews of granitoid batholiths (Pitcher, 1979; Shaw 
and Flood, 1981) suggest that'S' type granitoids 
may display a wide range of minerological and 
chemical characteristics and that the criteria 
adopted for identification of granitoid type in one 
terrain may not strictly hold true in another. This 
short paper will compare some of the petrographic 
and geochemical features of the Western Belt 
granites with the original 'I'-'S' type rocks from the 
Lachlan Fold Belt, Australia. 

Table 1 shows a summary of the distinctive 
features of the 'I' and'S' type granites of the Lachlan 
Fold Belt as originally proposed by Chappell and 
White (1974). The classification highlighted the 
importance of source rock composition, that is 
igneous ('I' type) and sedimentary ('S' type) origin 
in granite petrogenesis. The concept was presented 

at a meeting of the IGCP Circum-Pacific Plutonism 
Project in Santiago, in September 1973 and was 
published as an extended abstract the following 
year (Chappell and White, 1974). The concept has 
been further developed by Chappell and White and 
their co-workers in a series of papers (Chappell and 
White, 1984, 1992; Chappell and Stephens, 1988; 
White and Chappell, 1983, 1988). 

PETROGRAPHIC ASPECT 

The mineralogy of the'S' types reflects their 
different chemical compositions. The strongly 
peraluminous'S' type magma (ACNK> 1.1; Table 
1) will precipitate AI-rich minerals such as 
andalusite, cordierite, sillimanite, muscovite and 
almandine. Such AI-rich minerals are widespread 
in the'S' type granites of the Lachlan Fold Belt 
Australia (Chappell, 1984). In the Western Belt 
granites, the AI-rich minerals such as sillimanite 
and cordierite are absent except some andalusite 
has been reported in the Sungei Ara granite Penang 
(Chakraborty and Amerizal, 1984). Almandine 
garnet is abundant in the late stage aplopegmatite 
rocks and rarely found in the Western Belt granite 
proper. 

Mafic '8' type granite from the Lachlan Fold 
Belt may be very biotite-rich, up to 30% of the rock 
(Chappell and White, 1992). The biotite content in 
the Western Belt granite rarely exceeds 12%, even 
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Table 1. Summary of the distinctive features of the 'I' and'S' type granites of the Lachlan Fold Belt as originally 
proposed by Chappell and White (1974). 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

B. 

9. 

10. 

I-types 

Metaluminous mineralogy; homblende common and more 
abundant than biotite in mafic samples; accessory sphene 
common. 

Hornblende-rich igneous-appearing xenoliths. 

Relatively high N~O. 

Molecular AI20.j(N~O + I<:!O + CaO) < 1.1. 

Normative diopside or small amounts of normative corundum. 

Broad spectrum of compositions from mafic to felsic. 

Regular inter-element variations within plutons; linear or near 
linear variation diagrams. 

Mafic hornblende-bearing enclaves. 

Initial 87Srf86Sr 0.704-0.706. 

Usually unfoliated; contacts strongly discordant; well developed 
contact aureoles. 

!i Central Belt granite 

oomm Eastern B~lt granite 

I:+!+I Western Belt granite 

_H._ International boundary 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

B. 

9. 

10. 

S-types 

Peraluminous mineralogy: biotite and muscovite predominate; 
no hornblende; some cordierite and/or aluminosilicates; 
monazite may be accessory. 

Pelitic or quartzose metasedimentary xenoliths. 

Relatively low N~O. 

Molecular AI20.j(N~O + I<:!O + CaO) > 1.1. 

Normative corundum> 1%. 

Narrow range of more felsic rocks. 

More irregular variation diagrams. 

Metasedimentary enclaves. 

Initial 87Srf86Sr > 0.70B. 

Often foliated; sometimes surrounded by high grade 
metamorphic rocks. 

o 80km 
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Figure 1. Map ofPeninsular Malaysia showing the location of the Western Belt 
granite in relation to other granite batholiths. 

Geol. Soc. MalaYdia, Bulletin 44 



'" TYPE FEATURES IN THE SO-CALLED '5' TYPE WESTERN BELT GRANITES, PENINSULAR MALAYSIA 135 

in the amphibole-bearing granites, the highest 
recorded value is 15% (Mohd Imran Idris, 1996). 
The pleochroism scheme of the biotite in the Western 
Belt granite is typically pale brown to dark brown 
and varies to black brown to foxy red in the contact 
facies compared to those from the'S' type granite of 
the Lachlan Fold Belt which is mainly reddish in 
colour (Chappell and White, 1992). The later 
generally contain ilmenite and rarely magnetite 
and they never contain primary sphene, although 
secondary sphene, formed by alteration of biotite is 
common. Primary wedge shaped sphene has been 
reported in the Western Belt granites by many 
previous workers (e.g. Liew, 1983; Borhan Doya, 
1995; Mohd Imran Idris, 1996), especially in the 
northern part of the batholith. The primary sphene 
is sometimes associated with pale green amphibole 
(actinolitic hornblende). The amphiboles have been 
reported to occur either in the Western Belt granite 
proper and in their enclaves (Singh and Yong, 1982; 
Liew, 1983; Cobbing et al., 1992; Mohd Imran Idris, 
1996). Both sphene and amphibole are considered 
to be characteristic of 'I' type granites (Chappell 
and White, 1974; Table 1). Although no amphibole 
has been reported in the'S' type rock from the 
Lachlan Fold Belt, actinolitic hornblende and 
Cllmmingtonite have been reported in a number of 
OS' type plutons of the New England batholith in 
eastern Australia (Shaw and Flood, 1981). The K
feldspar in the'S' type granites is always white in 
colour, never pink, if the rock is fresh (Chappell 
and White, 1992). On the other hand, pinkish K
feldspar crystals (usually as phenocrysts) are 
present in the Western Belt granite (e.g. Bukit 
Mertajam-Kulim granite, Borhan Doya, 1995). 
Mafic, hornblende-bearing enclaves have been 
reported in the Baling area (Khoo and Lee, 1994) 
(northern part of the Western Belt granite) in 
contrast to the Australian'S' type granite which 
contain pelitic or quartzose metasedimentary 
xenoliths. 

Geochemical aspect 
The Western belt granite is characterised by 

highly evolved rocks with Si02 ranging from 65.95 
to 77.4% which is comparable to the'S' type rocks 
from the Lachlan Fold Belt, Australia. The narrow 
range of felsic rock imply that there is no basic 
intrusion associated with the Western granites 
batholith. The Western belt granites also have an 
initial 87Srj86Sr isotopic ratio of more than 0.708 
implying source rocks of sedimentary or 
supracrustal protoliths (Chappell and White, 1974) 
which is consistent with the'S' type rocks from the 
Lachlan Fold Belt, Australia. 
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Despite the chemical similarities given above, 
the Western Belt granites also have some 
characteristics which are more characteristic of 'I' 
type than those of the'S' type granites. Compared 
to the analyses of the oS' type rocks from the Lachlan 
Fold Belt, the Western Belt granites are higher in 
Ca, N a and Sr indicating derivation from a more 
feldspar-rich source. The later also display more 
regular inter-element variations similar to the 'I' 
type rocks. 

The increasing ACNK values with Si02 (Fig. 2) 
in the Western Belt granite is in contrast to the 
trend observed in the'S' type granites from Lachlan 
Fold Belt which increase as the rocks becomes more 
mafic (White and Chappell, 1983). Furthermore on 
the diagram, most of the Western Belt granites plot 
in the 'I' type field (ACNK < 1.1) of Chappell and 
White (1974). Only 19 samples out of 127 samples 
analysed fall in the'S' type field. 

Villaseca et al. (1998) established the diversity 
. of crustally derived peraluminous series on a A-B 
diagram of Debon and Lefort (1983). They have 
divided the peraluminous granitoids into four types 
namely highly peraluminous (h-p), moderately 
peraluminous (m-p), low peraluminous (l-p) and 
highly felsic peraluminous (f-p) granitoids. Plot of 
Western belt granites on this diagram is shown in 
Figure 3. Majority of the samples plot in the l-p 
and some in the m-p and f-p fields. The general 
trend of the plot is increasing peraluminosity 
towards the most differentiated sample which is in 
contrast to most of the Australian'S' type granites, 
with increasing peraluminosity towards the most 
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Figure 2. AJ.20.jCaO + N~O + ~O vs Si02 (ACNK) 
diagram for the Western Belt granite. Line at ACNK =1 
divided between peraluminous and metaluminous and 
line at ACNK = 1.1 divided between'!' and'S' type granite. 
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mafic varieties (e.g. Cooma and Bullenbalong 
suites). In fact the general trend shown by the 
Western Belt granites is similar to the'!' type trend 
of the Australian rocks (e.g. Jindabyne and Moruya 
suites). 

The most distinctive difference between the 
compositions that result from the crystal 
fractionation of felsic 'I' and'S' type melts is that P 
decreases in abundance in the'!' type and increases 
in the'S' type compositions. This is probably best 
illustrated on the P20 5 (wt%) vs Rb (ppm) diagram 
(Fig. 4) The'!, type granite pattern show that P 
decreases progressively with increasing Rb whereas 
a positive correlation of P 205 vs Rb is found in the 
IS' type granites (see Chappell and White, 1992, p. 
22). They interpreted the positive correlation 
between Rb and P contents, indicate derivation 
from a sedimentary source rock. However, plots of 
the Western Belt granites on the P 205 vs Rb diagram 
produce a similar trend to the'!' type granite 
pattern. 

CONCLUDING REMARKS 

This short note highlighted some of the problems 
with binary classifications of granites. Other binary 
classifications that have been proposed (apart from 
'I' and'S' classification) are intrusive vs 
autochtonous granitoids (Ranguin, 1957), 
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f-p : Highly felsic peraluminous granitoids 
m-p : Moderately peraluminous granitoid 
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l-p : Low peraluminous granitoid 

200 

Figure 3. A-B diagram (modified from Debon and Lefort 
1983; after Villaseca, 1998) for the Western Belt granite. 
Also shown in the diagram is the projection of several 
crustal protoliths. 

leucogranites vs monzogranites-granodiorites 
(Didier and Lameyre, 1969) and magnetite and 
ilmenite series (Ishihara, 1977). Although all these 
classifications may be very helpful in initially 
understanding the differences in granites, they also 
lead to pigeon-holing which is contrary to the 
expressed natural diversity of granites on a world 
scale. 
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Figure 4. PZ0 6 vs Rb plot for the Western Belt granite. 
The smaller diagram is the P p& VB Rb plot for the I and S 
type granite of the Lachlan Fold Belt, Australia (after 
Chappell and White, 1992). 
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Table 2. Summary of the contrasting petrographic features of the Western Belt granite and the'S' type granite from 
the Lachlan Fold Belt, Australia. 

Western Belt Granite, Peninsular Malaysia 

Both peraluminous and metaluminous mineralogy present. Biotite 
predominate, hornblende and sphene occur especially in the northern 
part of the batholith. Andalusite present, no cordierite. Muscovite 
and garnet in the evolved part of the granite. 

Modal biotite up to 15%. 

Pink K-feldspar present. 

Biotite colour mainly brown. Reddish biotite occurs in the contact 
facies. 

Increasing ACNK value with Si02• 

Peraluminous to metaluminous magma. 

Pelitic metasedimentary and hornblende-rich igneous appearing 
enclaves. 

Regular interelements variation diagram. 

The'S' type rocks with many'!' type 
characteristics is not uncommon. The Tertiary 
volcanic complex of the Isle of Mull, NW Scotland 
(in Beckinsale, 1979) consists of three centres, and 
it has been established that the early (centre 1) 
granites consist of crustal melts which show some 
of the characteristics of'S' type granites (high Sr 
ratio and low N ~O content). The latter two centres 
(centres 2 and 3) on the other hand, show many 'I' 
type characteristics (low Sr ratio and high Na20 
content). The 'I' type characteristics of the so
called'S' type Western Belt granite of Peninsular 
Malaysia is shown in Table 2. In fact, in detail, the 
granites probably consist of more 'I' type than those 
of'S' type features. The only true'S' type features 
in the granites are 
1. high initial 87Srf86Sr isotope ratio, > 0.710 (Liew 

and Mc Culloch, 1985), 
2. low Na20 content, < 3.2% Na20 in rocks with-

5%~O 
3. narrow range of felsic rock (Si02: 65.95 to 

77.4%) and 
4. high ~OlNa20 ratio, 1.4-2.8 (S type: 0.9-3.2). 

Features 1 and 2 may suggest that the Western 
Belt granites represent a metasedimentary melt 
(metapelite ?). However, the fact that the granites 
produce a similar trend to the 'I' type rocks in 
Figures 2, 3 and 4 suggest that other type of source 
cannot be ruled out. In Figure 3, the trend is 
increasing peraluminosity towards the most 
differentiated sample. Projection of this trend 

Juty2000 

'SO Type Granite (Lanchlan Fold Belt, Australia) 

Peraluminous mineralogy. Biotite and muscovite predominate. No 
hornblende and primary sphene. AI-silicate and cordierite present. 

Mafic'S' type can contain up to 30% modal biotite. 

No pink K-feldspar .. 

Mainly reddish biotite. 

Decreasing ACNK value with Si02. 

Peraluminous magma. 

Pelitic or quartzose metasedimentary inclusion. 

Irregular interelements variation diagram. 

backwards shows the possible protoliths of the rocks 
are either metabasite or quartz feldspathic 
metaigneous rocks. One other interesting point 
shown in this diagram is that all the samples, even 
the amphibole-bearing granites at the northern part 
of the batholith, are confined to a common trend 
which suggests a restricted granite source. 

Other differences that may be important 
between 'I' and'S' type rocks from the Lachlan Fold 
Belt is that the rocks become more mafic, 'I' type 
always become progressively more peraluminous 
and'S' type always progressively peraluminous. In 
other words the ACNK values in the 'I' type granite 
increase and those from the'S' type granite is 
decrease with Si02• Thus the increasing ACNK 
values with Si02 in the Western Belt granite is 
consistent with the 'I' type feature. Chappell and 
White (1992) suggested that this is because more 
mafic rocks will always be closer to the composition 
of their source rocks. Majority of the lower ACNK 
values (ACNK < 1) of the Western Belt granites are 
the amphibole-bearing samples. Therefore, the 
amphibole-bearing granites of the Western Belt is 
closely related to their source rock. 

The aspects of the Western Belt granites 
highlighted in this paper warrant more serious and 
in-depth study in order to understand the nature of 
the granite source rock(s) (cf. Chakraborty, 1994). 
There are clearly some differences between the 
Western Belt protolith compared to those of the 
southern Australian rocks. 



138 AlMAN A. GHANI 

REFERENCES 
BECKINSALB, R.D., 1979. Granite magmatism in the tin belt of 

South-EastAsia. In: M.P. AthertonandJ. Tarney(Eds.), 
Origin of granite batholiths: Geochemical evidence. Shiva, 
34-44. 

BoRHAN MOHO DoVA, 1995. Petrologi dan geokimia granitoid 
Pulau Pinang, Kedah-Perak dan Kajian Geologi Am. B.Sc 
thesis, Uni. Malaya. 

CHAKRABORTY, KR., 1994. Recent advances and emergent 
problems in the tectonomagmatic evolution of the 
granitoids of the Main Range province, Peninsular 
Malaysia (Abstract). Warta Geologi 20(3), 240-242. 

CHAKRABORTY, KR. AND AMERlZAL, G.D., 1984. P-T-~O 

conditions of Sungei Ara granite, Penang island; 
Peninsular Malaysia. Bull. Geol. Soc. Malaysia, 17, 1-7. 

CHAPPELL, B.W., 1984 Source rock of 1- and 5-type granites in 
the Lachlan Fold Belt southeastern Australia. Phil. Trans. 
R. Soc. Lond. A 310, 693-707. 

CHAPPELL, B.W. AND WHITE, A.J.R., 1974. Two contrasting 
granite types. Pacific Geol., 8, 173-174. 

CHAPPELL, B.W.AND WHITE,AJ.R., 1984. l-and5-typegranites 
in the Lachlan Fold Belt, southeastern Australia. In: Xu 
Keqin and Tu Guangchi (Eds.), Geology of granites and 
their matallogenic relation; 87-101. Beijing, Science Press. 

CHAPPELL, B.W.AND WHITE,AJR, 1992. l-and5-typegranites 
in the Lachlan fold belt. Trans. Royal. Soc. Edinb.: Earth 
Sciences 83, 1-26. 

CHAPPELL,B.W.ANDSTEPHENS, W.E., 1988. Originofinfracrustal 
(I-type) granite magmas. Trans. Roy. Soc. Edinb.: Earth 
Sciences, 79, 71-86. 

COBBING, E.J., PImELo, P.E.J., DARBYSHIRE, D.P.F. AND MALUCK, 
D.I.J.,1992. The granites of the South-East Asian tin belt. 
Overseas Memoir 10, British Geological Survey. 

DEBON, F. AND LEFoRT, P., 1983. A chemical-mineralogical 
classification of common plutonic rocks and association. 
Trans. Royal Soc. Edinb.: Earth Sci., 73, 135-149. 

DIDIER,J.ANDlAMEYRE,J.,1969. Les granites duMassif Central 
Francais. Etude comparee des leucogranites et 
granodiorites. Contrib. Mineral. Petrol., 24, 219-238. 

HUTCHISON, C.S., 1996. Geological evolution of South East Asia. 
Geological Society Malaysia. 368p. 

IsHIHARA, S., 1977. The magnetite-series and ilmenite series 
granitic rocks. Mining Geology, 27, 293-305. 

KHoo, T.T. AND LEE, c.P., 1994. Dynamic metamorphism of 
marginal igneous complex of the Main Range granite in 
the Belum area, Upper Perak. Warta Geologi, 20, 221-224. 

LJEw, T.C., 1983. Petrogenesis of the Peninsular Malaysiagranitoid 
batholith. Unpubl. PhD thesis, Australia Nat. University. 

Lmw, T.C. AND Mc CULLOCH, M.T., 1985. Genesis of granitoid 
batholiths of Peninsular Malaysia and implication for 
modelsofcrustalevolution: evidencefromNd-Srisotopic 
and U-Pb zircon study. Geochim et Cosmochim Acta, 49, 
587-600. 

MOHO IMRAN lORIS, 1996. Kajian petrografi dan geokimia granitoid 
serta geologi am kawasan Redang Panjang-Sumpitan, Perak 
DarulRidzuan. Unpubl. BScthesis, University of Malaya. 

PITCHER, W.S., 1979. Comments on the geological 
environments of granites. In: M.P. Atherton and J. 
Tarney (Eds.), Origin of granite batholith, geochemical 
evidence. Shiva, 1-8. 

RANGUIN, E., 1957. Geologie du granite. Masson & Co., Paris, 
276p. 

SANTOKH SINGH, D. AND YaNG, S.K, 1982. The localised 
occurrence of hornblende in granite from the J .K.Rquarry, 
Kuala Dipang, Perak. Warta Geologi, 8, 103. 

SHAw,S.E.ANDFLOOo,R.H., 1981. The New England batholith, 
eastern Australia: Geochemical variation in time and 
space. Jour. Geophy. Res., 86, 10530-10544. 

VILLASECA, c., BARBERO, L. AND liERRERos, V., 1998. A re
examination of the typology of peraluminous granite 
types in intracontinental orogenic belts. Trans. Roy. Soc. 
Edinb.: Earth Sciences 89, 113-119. 

WHITE, AJ.R. AND CHAPPELL, B.W., 1983. Granitoid types and 
their distributions in the Lachlan Fold Belts; southeastern 
Australia. In: J.A. Roddick (Ed.), Circum Pacific plutonic 
Terranes. Geo. Soc. America Memoir, 159,21-34. 

WHrrE,AJ.R.ANDCHAPPELL,B.W.,1988. Some supracrustal (5-
type) granites of the Lachlan Fold Belt. Trans. Roy. Soc. 
Edinb.: Earth Sciences 79, 169-181. 

--------".~.-~-... ---------
MlInuscript received 7 December 1999 

Geol. Soc. Malay~ia, Bulletin 44 


