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Highly potassic melagranite of Bintang Batholith, Main Range  
Granite, Peninsular Malaysia 
 
For decades, the Main Range Granite 
Province of Peninsular Malaysia has been 
regarded to comprise exclusively of S-
type granites1 (T. C. Liew, unpublished), 
which have been taken as the world stan-
dard for collisional S-type granite2. The 
Main Range Granite Province is believed 
to have formed during Triassic3 conti-
nental collision between Sibumasu and 
Indochina4 blocks subsequent to the clo-
sure of Palaeo-tethys Ocean in Early Per-
mian. However, recently Ghani and co-
workers5,6 have found that the province 
also contains granites with I-type charac-
teristics such as absence of Al-rich miner-

als such as sillimanite, cordierite, primary 
wedge titanite and pale green amphibole, 
occurrence of mafic, hornblende–clino-
pyroxene–orthopyroxene-bearing enclaves 
and increasing peraluminosity towards 
the most differentiated rocks. 
 The Malaysian Granite Province is pri-
marily made up of two major batholiths, 
the Main Range batholith and the Bin-
tang batholith (Figure 1). The Granite 
Province can be divided into four main 
facies: (i) biotite granite, (ii) amphibole-
bearing granite, (iii) subvolcanic and 
volcanic  dacite and orthopyroxene 
rhyodacite, and (4) microgranite and me-

sogranite associated with aplopegmatite6. 
Biotite granites are present in both batho-
liths, but amphibole-bearing granites are 
more common in Bintang batholith. I-
type character of the Main Range Granite 
Province is mainly contributed by the 
amphibole-bearing granite. Our recent and 
ongoing study on the amphibole-bearing 
granite in Bintang batholith revealed some 
interesting petrographical and geochemi-
cal features present in the province, as 
reported in this paper. 
 The Bintang batholith is located in the 
northern part of the Main Range Granite 
Province, forms a N–S elongate-shaped 
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batholith and consists of four main plu-
tons, namely Selama, Taiping, Bubu and 
Damar3 (Figure 1). The Taiping pluton is 
an extremely long and narrow intrusion, 
regarded as an excellent example of am-
phibole-bearing granite in the Main Range 
Granite Province3,5. The granites of Taip-
ing pluton can be further divided into 
two smaller sub-facies, the amphibole-
bearing Buloh Pelang granite and  
Kupang granite7 (melagranite), and the  
minor megacrystic tourmaline-bearing 
Maxwell Hill microgranite3. 
 The amphibole-bearing melagranite of 
Taiping pluton is coarse-grained and po-
phyritic. Large white to grey euhedral K-
feldspar phenocrysts are widespread and 
megacrysts (about 5 cm) can be found, 
but their distribution is highly erratic. 
The rocks also contain various mafic  
microgranular enclaves and mafic xeno-
liths containing feldspar, hornblende, cli-
nopyroxene and orthopyroxene. Most of 
them are dark coloured and contain high 
amount of mafic minerals. The presence 
of enclaves suggests mingling with small 
proportion of mafic magma, whereas the 
presence of xenoliths could be related to 
assimilation of sedimentary or pyroclastic 
rocks by the granitic magma during in-
trusion8. Euhedral K-feldspar phenocrysts 
are often found aligned parallel to the 
microgranular enclaves. 
 The common mineral assemblage in 
the amphibole-bearing melagranite is K-
feldspar + plagioclase + biotite + quartz +  
amphibole  orthopyroxene  clinopyro-
xene. Accessory minerals are apatite, 
zircon, opaque minerals, titanite and al-
lanite. The twinned, perthitic K-feldspar 
phenocrysts show a patchy texture. In-
clusions of plagioclase, biotite and quartz 
indicate K-feldspar growth during mag-
ma evolution. Plagioclase phenocrysts 
with patchy zoning are also sometimes 
found. Quartz is small and anhedral, and 
tiny acicular rutile has been observed in 
quartz. Pyroxene relics are often found in 
amphibole. Titanite is often shapeless 
and strained though euhedral grains do 
occur. 
 Mineralogy of the amphibole-bearing 
melagranite clearly is different from the 
Main Range Granite proper. The melano-
cratic character of the amphibole-bearing 
melagranite suggests a higher proportion 
of biotite (up to 25%), which is different 
from the Main Range Granite proper 
(around 10%). Also compared to the am-
phibole-bearing melagranite, the typical 
Main Range Granite lacks amphibole,  

orthopyroxene, clinopyroxene and possi-
bly titanite. 
 We have collected and analysed 50 
new samples from Taiping pluton. Geo-
chemical analyses were carried out at 
Acme Analytical Laboratories, Canada  
and representative analyses are given in 
Table 1. The amphibole-bearing mela-
granites are metaluminous to weakly 
peraluminous (A/CNK = 0.65–1.06) with 

an intermediate SiO2 range from 59.2 to 
65.5 wt%. They have a high magnesium 
number (54.24–66.38) and hence their 
CaO/MgO ratio falls between 0.41 and 
1.09. The rocks can be considered as  
ultrapotassic, following ultrapotassic 
chemical screening9 (K2O > 3 wt%, 
K2O/Na2O > 2 wt% and MgO > 3 wt%). 
 The amphibole-bearing melagranites are 
high in most of the incompatible elements 

 
 

Figure 1. Map showing granite provinces from Thailand, Myanmar and Peninsular Malaysia. 
(Lower right) Location of Bintang batholith in Peninsular Malaysia. Maps modified from Cob-
bing et al.3. 
 
 

 
 

Figure 2. Geochemical comparison between Taiping pluton amphibole-bearing melagranite 
and typical Main Range granite (Kyaw Kyaw Nyein, unpublished). a, Chondrite normalized REE 
plot. b, Primitive mantle-normalized multi element diagram. Grey, Taiping pluton amphibole-
bearing melagranite; Green, Main Range Granite. Trace and rare earth elements are in ppm. 
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Table 1. Selected major and trace element data 

Area Batu Kurau Bukit Berapit Lenggong Valley 
 

Label BK-D BB-1 BB-2 BH3 2B BH1 6A 
 

SiO2 61.4 63.5 64.8 63.1 60.2 
Al2O3 11.36 13.53 12.86 15.3 16.13 
FeO 6.15 4.91 4.75 3.84 4.51 
Fe2O3 0.76 0.61 0.59 0.47 0.56 
CaO 5.55 1.75 1.45 3.16 3.41 
MgO 6.39 3.66 3.51 3.02 3.63 
Na2O 1.20 1.61 1.35 2.01 2.37 
K2O 4.89 7.00 7.31 6.3 5.31 
MnO 0.16 0.08 0.07 0.05 0.06 
TiO2 0.97 1.12 1.06 0.85 1.04 
P2O5 0.36 0.38 0.35 0.33 0.39 
LOI 1.12 0.71 0.78 0.91 1.58 
Sum 100.30 98.85 98.88 99.35 99.18 
 
Ba 987 368 379 1904 1620 
Cs 12.5 49.9 51.7 12.5 11.6 
Ga 16.1 20.8 18 18.4 20.8 
Hf 11.4 15.3 13.5 10.4 11.6 
Nb 27.6 44.7 45.2 22.7 26.1 
Rb 321 610.3 617.8 334.5 312.5 
Sr 165.1 100.3 93 328.6 383 
Ta 2.1 6 5 1.4 1.3 
Zr 392.2 500.2 514.8 362.4 433.2 
Y 44.1 60.9 57.4 23.3 25.4 
Th 107.6 92.3 85 22.3 39.4 
U 18.1 35.9 34.7 5.4 6.5 
Pb 11.3 31.3 13.2 11.4 7.4 
La 61.8 17.5 17 28.8 58 
Ce 129.8 50.7 49.4 63.9 123.2 
Pr 15.45 8.17 7.45 8.18 14.89 
Nd 60.6 38.1 35.5 35.3 61.2 
Sm 13.51 12.25 12.34 7.43 11.05 
Eu 1.22 0.59 0.67 2.01 2.17 
Gd 10.36 11.58 10.64 6.09 8 
Tb 1.52 1.81 1.76 0.9 1.12 
Dy 7.22 10.26 9.53 4.47 5.82 
Ho 1.64 2.28 2.19 0.94 1 
Er 4.15 5.97 5.95 2.19 2.74 
Tm 0.6 0.92 0.88 0.32 0.33 
Yb 4.16 5.4 5.82 1.7 2.14 
Lu 0.55 0.86 0.84 0.27 0.3 
 
Co 18.4 14 11 11.4 13.7 
Cu 11.2 4.3 6.4 12.4 10.6 
V 104 113 107 81 103 
Zn 42 66 56 57 54 
Ni 52.9 26.8 27.5 28.6 27.7 
Cr 526.8 266.8 376.3 369.5 301.0 

 

(Rb, Ba, Th, La, Ce, Zr) and transition 
metals (Cr, Ni, V, Zn), generally en-
riched in Th relative to U with Th/U ratio 
spread between 2.38 and 12.8 and high 
Rb/Sr ratio (0.82–6.64). The chondrite 
normalized rare earth element (REE) dia-
gram10 (Figure 2) shows high REE, 
high LREE/HREE ratios, elevated LREE 
content and moderate Eu-anomaly (Eu/ 

Eu*). The primitive mantle normalized 
multi-element variation diagram11 (Fig-
ure 2) shows elevation in some LILE 
such as Cs, Rb, Ba and HFSE such as Th, 
U, Zr, but shows clear Ta–Nb–Ti (TNT) 
negative anomaly relative to the adjacent 
elements. Significant features are: (i) 
moderately enriched LREE patterns, (ii) 
flat HREE patterns, (iii) weak Eu deple-

tion, (iv) negative Ba, Nb, Ta, Sr and Ti 
anomalies and (v) positive Cs, Rb, Th, U, 
Nd, Zr, Sm anomalies. The calculated  
apatite saturation temperature12 for the 
melagranite ranges from 928.8C to 
1014.8C. This temperature is signifi-
cantly higher than that of granitoid melt 
generated by melting of sedimentary 
source (experimentally,  700C)13. 
 Although petrography and geochemis-
try data suggest weak sedimentary signa-
ture, the melagranites show high initial 
87Sr/86Sr isotope ratio (ISR), from 0.715 
to 0.726 (refs 3 and 13; assuming the age 
of the granite is 220 Ma (ref. 14), a com-
mon accepted age for Main Range Gran-
ite Province). ISR values are thought to 
reflect the variations in composition and 
source material age of the magma15. High 
initial ISR on the rocks could reflect par-
tial melting of portions of older lower 
crustal lithosphere to generate magma15. 
Partial fusion of supracrustal metasedi-
mentary rocks could produce high ISR 
magma, but it cannot produce magma 
composition like those of the mela-
granite15. A more possible explanation is 
partial fusion of mafic volcanic rocks15, 
which explains the melagranite magma 
petrography and geochemical composition 
and the presence of mafic microgranular 
enclaves. 
 Tectonic discrimination diagram16 
(Figure 3) shows that most of the mela-
granites fall within Group 1 (contribution 
from subduction). As the tectonic model 
for Peninsular Malaysia currently does 
not support subduction at the time of me-
lagranite emplacement, it is possible for 
the subduction contribution to be inher-
ited from an underplated source formed 
from previous tectonic event, which may 
or may not pre-date the melagranite age 
significantly. Such assumption is sup-
ported by the ISR data, explaining how 
the melagranite with ‘subduction geo-
chemical signature’ can be produced in a 
different setting (transitional to a colli-
sion setting), or at a different time. 
 To fit the melagranite to the current 
tectonic scenario, we suggest a minor  
extension episode to occur during the early 
Sibumasu–Indochina collision on the  
Sibumasu side (Figure 4). Slab pull cre-
ated by subduction of a higher density 
oceanic lithosphere could result in exten-
sional deformation within the subducted 
slab below the area of the slab bend17. 
Underplated source will then be heated 
by the upwelling of asthenospheric man-
tle from lithosphere necking, generating 
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the melagranite magma. Such extension 
episode will be short-lived if both plates 
continue to converge, as the compressive 
tectonic regime will be re-established17, 
causing this particular event to be  
obscured. 

 Thus we have reported here a highly 
potassic amphibole-bearing melagranite 
partially surrounded by S-type Main 
Range tin-bearing granite of Late Triassic 
age. The amphibole-bearing melagranite 
contains hornblende, clinopyroxene and 

orthopyroxene, and its geochemistry  
indicates intermediate to high SiO2 con-
tent, high Rb/Sr, Th, LREE, LILE and 
low Ca, Na. The analyses presented here 
suggest that the Main Range Granite Prov-
ince is composed of a wider range of 
granitic and associated rocks (from 
59.2% to 77% SiO2) contrary to previous 
views that it is composed of restricted 
felsic magmatism (65% to 77% SiO2). 
 With these findings, the tectonic sce-
nario of Peninsular Malaysia needs to be 
carefully revised, especially the collision 
event of the Triassic period between  
Sibumasu and Indochina blocks, to ac-
commodate the occurrence of these highly 
potassic amphibole-bearing melagranites. 
The primitive character of the amphi-
bole-bearing melagranite compared to the 
typical Main Range Granite suggests that 
the former has mantle contribution, in 
contrast to the accepted crustal origin of 
the typical Main Range Granite. High 
Mg number (54.2–66.4), Cr (233–568 
ppm) content and high Th/U (2.38–12.8), 
Rb/Sr (0.82–6.64) ratios support mantle 
contribution to the amphibole-bearing 
melagranite magma. 
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Figure 3. Tectonic discrimination diagram according to Harris et al.16 (trace elements in ppm). 
Group 1: Pre-collision calc alkaline intrusions mostly derived from mantle modified by a sub-
duction component. Group 2: Syn-collision peraluminous intrusions which may be derived from 
the hydrated bases of continental thrust sheets. Group 3: Late or post-collision calc-alkaline 
intrusions which may be derived from a mantle source but undergo extensive crustal contamina-
tions. Group 4: Post-collision alkaline intrusions which may be derived from mantle lithosphere 
beneath the collision zones. 

 
 

 
 

Figure 4. Model sketch according to Sacks and Secor17, reminiscent of a slab break-off 
process. 
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Species diversity–primary productivity relationships in a nitrogen  
amendment experiment in grasslands at Varanasi, India 
 
The accelerated loss of biodiversity due 
to the land use and global climate changes 
has proved detrimental to ecosystem 
functioning (i.e. litter decomposition, nu-
trient cycling, energy storage and flux, 
ecosystem services, etc.). It has attracted 
intensive experiments during the past 
four decades, because primary producti-
vity (P) as a measure of ecosystem func-
tioning may or may not be closely 
coupled with species diversity (D)1–7. 
Nevertheless, relationships between the 
above have been attributed to changes in 
the size and composition of competitive 
plant functional groups under varied re-
source availability and diverse ecological 
incidents7. 
 Several experimental and theoretical 
studies have led to vital debates on D–P 
relationships6–9. The reviews by Waide  
et al.10 and Mittelbach et al.11 showed 
variations in the shape of D–P relation-
ships, depending on the study systems, 
spatial scales, environmental factors and 
competitive ability of species, and func-
tional group compositions7. Positive D–P 
relationship was reported in many stud-
ies3,12–14. Nutrient input studies have 
suggested higher productivity with lower 
species diversity9,15,16. On the other hand, 
some biodiversity experiments showed a 
reduction in species diversity due to  
decline in productivity4–8. Several other 
trends have been suggested, including 
none6 or idiosyncratic relationships  
between species diversity and primary 
productivity17. Many studies, using cor-

relations across different sites or nutrient 
additions, suggested a hump-shaped 
curve for the relationship between diver-
sity and productivity (see refs 10, 11 for 
details). Grime1 was the first to note a 
hump-shaped relationship between diver-
sity and productivity. Majority of the 
studies, including meta analysis sug-
gested that unimodal D–P relationship is 
more prevalent in natural communities18, 
while others suggested that a monotonic 
positive and linear relationship is more 
common4,19,20. Hence, the relationship 
between plant diversity and primary pro-
ductivity has continued to be an essential 
issue in ecological and environmental 
sciences3–9. 
 In view of the aforesaid debate, the 
present study was conducted to answer 
the following questions: (i) Does species 
diversity exhibit a linear relationship with 
primary productivity? (ii) Does plant 
functional group composition determine 
the D–P relationships in nitrogen (N)-
amended experimental plots located in a 
dry tropical environment of India? 
 The study was based on three doses of 
N-amendment (control, 6 and 12 g N m–2 
year–1) experienced by the herbaceous 
grassland vegetation from January 2007 
to December 2010. The doses 6 g and 
12 g N are referred to as low and high N 
treatments respectively. In this study we 
used 6 and 12 g N m–2 year–1 because in 
our previous study the application of 
6 g N m–2 year–1 did not saturate the soil. 
In this experiment, a total of 135, 

1  1 m plots (15 locations  3 treat-
ments  3 replicates), all situated on 
plain, alluvial grounds within the campus 
of the Banaras Hindu University (BHU), 
Varanasi, India (24180N and 8303E 
and 76 m amsl) were used. The soil is 
moderately fertile being low in soil-C 
(0.84  0.07%) and soil-N (0.08  0.01%). 
The soil pH is neutral to alkaline 
(7.19  0.12). Data were collected in the 
year 2011. Species diversity was calcu-
lated using Shannon–Wiener equation21. 
The number of species/m2 was used for 
computing the species richness22. Shel-
don23 equation was used to quantify the 
evenness. Aboveground peak herbaceous 
biomass was considered as a measure of 
primary productivity6,24,25. These para-
meters were determined for each N level 
in each season. Contribution of diverse 
species to total plant biomass was asse-
ssed by species separation in June, Sep-
tember, December and March which 
corresponded respectively, with the start 
of vigorous growth of herbaceous vegeta-
tion at the beginning of the rainy season, 
the time when rainy-season vegetation is 
at its best, the mid-winter phase of rela-
tive inactivity, and the period when flo-
wering and fruiting of the plants during 
the summer season show renewed but 
limited growth24. The average values of 
the three growing seasons were used to 
establish the D–P relationships using SPSS 
statistical software. 
 The number of species, relative bio-
mass and functional groups represented 


