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North-eastern trending mafic dykes are found intrud-
ing granitic body in Ajil area, Eastern Belt of Peninsu-
lar Malaysia. The intrusions display sharp, vertical to
sub-vertical contacts to granitic host and consist
mainly of plagioclase and clinopyroxene. Majority of
the dykes are quartz tholeiite with some olivine
tholeiite. All dykes display enrichment in light rare
earth elements (LREE) relative to heavy rare earth
elements (HREE) and depletion in high field strength
elements (HFSE) and Pb. Low compatible elements’
content such as MgO, Ni and Cr implied that crystal
fractionation were controlled by olivine and clinopy-
roxene. The dykes were originated from shallow litho-
spheric mantle, the source region of which has been
influenced by hydrous metasomatism. The emplace-
ment of the dykes took place in fault-controlled
within-plate tectonic setting.

Keywords: Ajil mafic dykes, clenopyroxene, peninsu-
lar Malaysia, petrogenesis, plagioclase.

EASTERN Belt of Peninsular Malaysia (Figure 1) is char-
acterized by extensive Permo-Triassic arc magmatism as
a result of Palaeo-Tethys Ocean subduction beneath East
Malaya-Indochina Block'. The arc magmatism ceased in
Late Triassic following the collision of Sibumasu and
East Malaya-Indochina blocks. Jurassic—Cretaceous periods
in Peninsular Malaysia were mainly controlled by fault-
ing system’ and major magmatism was absent except for
mafic dyke and smaller plutonic intrusions. Hutchison®
considered this period where Peninsular Malaysia and
surrounding region became cratonized. Despite wide-
spread occurrences of the mafic dykes intruding granitic
bodies in Eastern Belt, detailed petrogenetic study is yet
to exist. This communication reports a new set of geo-
chemical data of mafic dykes from the central part of the
Eastern Belt, Peninsular Malaysia.

The study area is located near Ajil town in the state of
Terengganu, east of Peninsular Malaysia. The area is
made up of Jerangau Forest Pluton (Figure 2). The pluton
is further divided into Lerek, Binjai and Payong granites®.
Lerek and Binjai granites are characterized by pinkish
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colour, medium- to coarse-grained phaneritic texture.
Numerous mafic dykes were intruded and exposed in the
western part of Lerek and Binjai granites along 10 km
distance from kilometre is 390 to kilometre 400 of East
Coast Expressway. Due to the thick tropical vegetation,
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Figure 1. Subdivision of granitic bodies in Peninsular Malaysia'.
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Figure 3.

a, Sub-vertical dyke intruding granitic body; b, Dyke displays sharp contact with granitic

host; ¢, Subophitic and doleritic texture with prismatic lath-shaped plagioclase and subhedral clinopyrox-
ene; d, Medium-grained, subhedral to anhedral plagioclase enclosing clinopyroxene crystals.

the dyke intrusions cannot be traced throughout the
pluton.

The dykes are dark grey in colour and occur as fine- to
medium-grained, aphanitic to micro-porphyritic textures.
The widths of the dykes range from several centimetres to
more than 10 m and have sharp, vertical to sub-vertical
contacts with the granitic host (Figure 3 @, b). They strike
NE-SW and some dykes show NW-SE trending. Their
trends are different from the trends of dykes in northern
(N-S trending in Perhentian Island) and southern (E-W
trending in Kuantan district) parts of the study area’. The
occurrence of chilled margin inside one dyke body dis-
plays a feature of composite dyke and suggests multi-
episodic intrusion in this area.

In thin section, the dykes show fine- to medium-
grained, intergranular, subophitic and doleritic textures
and consist of plagioclase and clinopyroxene as its domi-
nant minerals with minor quantities of epidote, horn-
blende and opaque minerals (Figure 3¢, d). Secondary
minerals are sericite and chlorite. Plagioclase occurs as
long, prismatic lath-shaped, euhedral to subhedral grains
and shows well-developed twinning. Clinopyroxene oc-
curs as fine- to medium-grained, subhedral to anhedral
intergranular grains and sometimes occurs as subophitic
and interstitial to plagioclase. Opaque minerals are abun-
dant. In some samples, phenocrysts of plagioclase and
clinopyroxene are also present.

Twenty-three representative samples have been
analysed for major and trace elements at ACME Labs,
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Vancouver, Canada. Major elements were determined
using X-ray fluorescence spectrometry (XRF) whereas
trace elements were determined using inductively cou-
pled plasma mass spectrometry (ICP-MS) with internal
reference materials. The geochemical data obtained is
presented in Table 1.

Overall, the dykes have variable SiO, (43.1-56.8%),
ALO; (13.97-19.14%), CaO (0.85-10.54%), Fe,O5'
(8.09-17.2%), MgO (3.03-8.98%), Na,O (1.80—6.38%),
K;0 (0.39-2.27%), MnO (0.12-0.80%), TiO, (1.03-
3.12%) and P,0s (0.17-0.98%) with Mg# ranging from
31.4-57.7 {Mg# = 100*(Mg0/40.32)/[(Mg0/40.32) +
(FeO/71.85)]}. Selected trace eclements contents are Zr
(83.8-356.7 ppm), Ni (1.1-137.7 ppm), Co (18.6—
46.5 ppm), Cr (41-369 ppm), Ba (24-660 ppm) and Sr
(106.4-690.1 ppm). The dykes exhibit positive correla-
tions between Al,O;, Ni and Cr and negative correlations
between Fe,0;, TiO,, P,Os, Zr and Y against Mg# in
variation diagrams (Figure 4).

In total alkali-silica (TAS) diagram (Figure 5 a), most
of the dykes display transitional alkaline affinity. How-
ever, CIPW calculation shows 20 samples are quartz
normative and 3 samples (DY2, DY6 and DY14) are
olivine normative. All dykes are plotted within quartz
tholeiite except DY2, DY6 and DY 14 which are plotted
within olivine tholeiite fields in Q-Hy-Di-OI-Ne diagram®
(Figure 5b). Since normative nepheline is absent, the
studied dykes cannot be considered as alkaline. Because
alkalis are mobile during alteration, immobile elements
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Table 1. Major and trace elements analyses of the mafic dykes from Ajil areas

Sample DY1 DY2 DY3 DY4 DY5 DY6 DY7 DYS8 DY9

Major elements (wt%)
SiO, 56.8 49.1 51.3 53.5 50 49.9 50.2 51.2 52.3
Al,O; 14.93 15.01 16.31 15.05 16.01 15.38 17 17.29 14.22
Fe,0;' 9.65 13.12 11.8 11.57 10.72 12.01 1192 1191 11.34
CaO 4.1 7.35 1.29 3.83 6.85 7.2 4.05 1.44 53
MgO 3.03 4.18 6.69 3.41 6.59 4.95 4.91 4.55 4.27
Na,O 5.42 5.23 5.12 6.38 3.79 4.85 3.38 3.1 5.34
K,O 1.78 0.54 1.02 0.86 1.36 0.96 1.28 2.2 1.34
MnO 0.17 0.24 0.26 0.26 0.19 0.24 0.13 0.12 0.26
TiO, 1.78 2.63 1.94 2.6 1.47 1.98 2.23 2.21 2.11
P,0s 0.52 0.56 0.39 0.98 0.29 0.4 0.78 0.79 0.37
Cr,0; 0.01 0.013 0.014 0.006 0.024 0.017 0.009  0.011 0.021
LOI 2.04 2.5 4.5 2.11 3.21 2.86 4.73 5.36 2.5
Total 100.27 100.48 100.67 100.54 100.48 100.72 100.61 100.16 99.41
Mg# 38.31 38.66 52.86 36.83 54.87 4491 4490 43.04 42.69

Trace elements (ppm)
Ba 266 74 166 116 261 125 275 280 151
Be 3 1 4 3 <1 7 3 2 4
Co 18.6 33.6 352 19.1 344 32 30.9 29.6 26.6
Cs 0.3 0.1 1.9 0.2 0.6 0.2 1.8 2.7 0.3
Ga 21.1 20.8 21.1 20.8 16.9 17.9 19.6 20.8 19.4
Hf 8.3 6.4 5 7.5 4.5 4.7 6.7 8.1 8.2
Nb 16.1 10.3 8.2 11.5 9.2 9.2 22.8 25 14
Rb 49.1 15 414 23.6 64.2 26.2 55.5 137 36.2
Sn 4 3 2 4 2 1 2 2 3
Sr 264.2 228.8 236.3 2129 4107 176.1 606.4 294.1 144
Ta 0.9 0.7 0.6 0.9 0.6 0.5 1.3 1.4 1.1
Th 6.1 2.1 2.9 3.1 3.9 2 3.6 4.3 3.9

1.6 0.5 0.8 0.8 1 0.5 1.7 1.4 1.1

A% 185 353 296 192 169 301 219 214 249
w 0.7 0.8 1.1 0.5 1.2 1.6 <0.5 1.5 1
Zr 356.7 252.1 202.8 289.7 170.6 191.6 302.3 3302 3321
Y 57.4 50.9 38.9 59.1 32.7 34.6 38 45.5 49.7
La 37.3 23.7 18 33.1 24.1 18.2 50.1 55.1 26.3
Ce 88.7 62.4 434 81.7 55.4 46.7 109 121.9 66
Pr 10.77 8.07 5.76 10.8 6.21 6.13 1228 13.84 8.35
Nd 46.5 36.6 259 48.1 25.1 30 48.1 57.6 375
Sm 10.23 9.14 6.38 11.32 5.88 6.59 9 10.3 8.59
Eu 2.66 2.92 1.85 3.42 1.77 1.92 2.36 2.58 2.28
Gd 10.73 9.83 6.77 11.44 5.7 6.94 8.55 9.72 8.87
Tb 1.71 1.65 1.11 1.88 0.98 1.14 1.28 1.44 1.56
Dy 10.32 9.76 6.81 11.41 6.49 6.65 7.03 8.49 8.62
Ho 2.24 1.95 1.44 2.21 1.27 1.44 1.46 1.8 2.05
Er 6.64 5.63 4.34 6.41 3.82 3.95 4.12 4.78 5.74
Tm 0.94 0.75 0.57 0.89 0.59 0.58 0.56 0.64 0.91
Yb 6.24 4.61 3.58 5.59 3.64 3.49 3.77 4.14 5.53
Lu 0.91 0.85 0.59 0.82 0.58 0.57 0.56 0.7 0.85
Mo 1.5 0.9 0.5 1 0.9 0.7 0.7 1 1.5
Cu 9.3 21.3 22 6.9 43.1 30.2 18.7 20.7 29
Pb 2 3.3 3.3 2.2 1.7 5.9 2.1 7 2.2
Zn 88 95 109 90 65 86 125 189 82
Ni 54 10 394 1.1 89.3 14.9 24 22.3 18.4
Cr 68 89 96 41 164 116 62 75 144

Sample DY10 DY12 DY13 DY14 DY15 DY17 DY18

Major elements (wt%)
SiO, 46.2 46.7 46.9 493 48.8 56.1 47.9
Al,O; 16.66 17.67 16.66 14.71 14.47 15.51 16.62
Fe,0;' 17.2 15.38 8.32 12.3 12.27 8.09 10.74
CaO 1.51 0.85 8.53 7.99 9.05 6.08 10.02

(Contd)
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Table 1. (Contd)

Sample DY10 DY12 DY13 DY14 DYI5S DY17 DYI8
MgO 4.41 5.8 6.36 5.44 5.18 4.86 7.06
Na,O 3.5 3.29 2.00 4.56 3.53 3.74 2.67
K,O 0.73 1.14 2.05 0.95 0.72 1.32 0.67
MnO 0.19 0.22 0.14 0.22 0.21 0.16 0.19
TiO, 3.12 2.73 1.13 2.22 2.17 1.03 1.47
P,0s 0.87 0.47 0.34 0.44 0.41 0.25 0.38
Cr,0; 0.016 0.017 0.015 0.021  0.023 0.031 0.03
LOI 5.82 6.18 7.56 2.31 2.73 3.04 2.82
Total 100.19  100.51 100.01 100.5  99.56 100.23  100.53
Mg# 33.65 42.72 60.19 46.66  45.51 54.30 56.53

Trace elements (ppm)

Ba 24 73 337 373 117 356 177
Be 5 3 4 <1 2 3 <1
Co 39.2 36.8 29.2 30.9 323 254 355
Cs 2.2 2.0 5.7 0.6 1.4 0.5 1.2
Ga 224 24.0 14.5 16.2 18.4 16.3 15.7
Hf 5.5 5.7 2.5 4.5 5.1 43 4.5
Nb 9.4 9.9 9.0 7.4 8.7 9.5 10.3
Rb 51.6 66.4 104.5 314 27.5 48.1 32.8
Sn 2 2 <1 2 2 1 1
Sr 106.4 120.8 638.6 683.5 540.8 497.0 494.5
Ta 0.7 0.7 0.6 0.6 0.5 0.7 0.6
Th 1.4 1.7 2.9 1.6 1.7 7.0 1.6
1.1 0.7 0.8 0.4 0.4 1.7 0.5
\% 334 283 152 286 293 117 193
w 15.2 3.1 <0.5 <0.5 <0.5 0.6 0.6
Zr 2283 220.5 115.3 207.1  200.0 199.0 197.5
Y 70.8 35.8 19.2 37.6 38.3 29.1 313
La 24.5 17.6 22.9 17.7 17.6 313 27.0
Ce 60.3 48.4 499 43.7 454 64.7 62.3
Pr 7.66 6.37 5.47 5.92 6.13 7.3 7.04
Nd 34.7 27.7 22.8 255 28.0 26.1 28.9
Sm 8.49 6.94 4.18 6.24 6.48 5.53 5.85
Eu 2.45 1.71 1.36 1.93 1.99 1.30 1.60
Gd 9.77 6.36 4.22 7.07 6.75 5.40 5.52
Tb 1.72 0.99 0.65 1.14 1.16 0.82 0.93
Dy 11.33 5.75 3.68 7.05 6.90 4.65 5.72
Ho 2.44 1.32 0.73 1.53 1.57 1.10 1.21
Er 7.21 3.88 1.84 4.38 4.28 3.09 3.38
Tm 1.05 0.62 0.29 0.53 0.59 0.43 0.51
Yb 6.25 3.87 2.03 3.39 3.92 2.72 3.06
Lu 1.03 0.64 0.30 0.57 0.62 0.46 0.53
Mo 0.8 0.3 0.6 0.8 0.8 0.9 0.8
Cu 0.7 0.7 24.0 393 33.7 25.1 37.8
Pb 3.2 1.0 1.8 2.7 2.1 2.9 2.1
Zn 177 239 49 71 78 56 51
Ni 294 534 59.7 15.7 16.1 435 75.8
Cr 109 116 103 144 157 212 205
Sample DY20 DY21 DY22 DY23 DY25 DY26 DY27
Major elements (wt%)
SiO, 479 48.8 50.2 479 48.3 474 45.1
Al,O; 14.78 13.97 14.15 14.04 1586 17.33 16.19
Fe,05' 13.37 13.71 13.29 12.58  11.35 12.54 9.68
CaO 8.47 8.4 6.94 8.57 8.81 2.47 9.94
MgO 5.01 5.02 4.1 5.46 7 6.05 6.51
Na,O 3.67 4.55 4.4 4.26 2.73 2.1 1.8
K20 0.75 0.39 0.87 0.5 0.73 0.72 1.84
MnO 0.23 0.23 0.22 0.21 0.18 0.2 0.17
TiO, 3.03 2.72 2.7 2.34 1.88 2.1 1.22

(Contd)
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Table 1. (Contd)

Sample DY20 DY21 DY22 DY23 DY25 DY26 DY27
P,0s 0.54 0.5 0.6 0.46 0.56 0.62 0.34
Cr,0; 0.017 0.011 0.01 0.02 0.033 0.029 0.028
LOI 2.76 2.32 2.5 3.67 2.63 8.44 7.19
Total 100.53 100.61 99.96 100.07 100.05 99.99  100.01
Mg# 42.57 42.00 37.90 46.19 5495 48.83 57.07

Trace elements (ppm)

Ba 116 103 196 151 173 158 246
Be 3 3 1 1 <1 9 <1
Co 324 353 28.3 349 34.6 39.1 36.5
Cs 0.3 0.2 0.3 0.3 1.1 2.2 5.7
Ga 20.8 17.9 19.3 17.9 17 18.9 13.3
Hf 6.7 5.6 53 4.4 2.9 5.1 2.3
Nb 11.9 8.8 10 8.3 12.9 16.7 7.8
Rb 19.6 10.8 20.6 194 31.6 43.9 116.8
Sn 2 2 2 2 3 2 <1
Sr 303.9 3344 346.7 480.5 5193 276.8 4237
Ta 0.8 0.6 0.6 0.5 0.8 1 0.5
Th 2.2 1.9 3.1 1.8 4.7 2.4 1.3
0] 0.5 0.4 0.7 0.5 1.2 0.6 0.3
v 326 356 307 312 194 223 177
w 2.5 0.6 1.1 <0.5 1 3.6 2.1
Zr 246.6 224.4 243.3 218.7 100.7 211 103.2
Y 43.1 41.8 46.4 372 294 309 214
La 23 204 23.6 18.4 24.1 354 18.9
Ce 58 52.6 619 46.7 56.3 79.3 42.4
Pr 7.34 6.7 7.84 6.05 7.08 9.28 4.89
Nd 38 31.6 36.5 28 29.1 33.7 219
Sm 8.22 7.06 8.36 6.43 6.45 7.3 3.96
Eu 2.47 2.34 2.47 2.04 1.76 2.01 1.31
Gd 8.22 8.19 8.55 7 6.4 6.65 3.97
Tb 1.33 1.28 1.42 1.19 0.99 1.01 0.65
Dy 8.27 7.86 7.8 6.91 5.27 5.66 3.46
Ho 1.78 1.68 1.83 1.52 1.21 1.16 0.86
Er 5.11 4.48 5.13 4.13 3.44 3.28 2.1
Tm 0.66 0.64 0.7 0.55 0.41 0.48 0.31
Yb 4.14 3.77 4.15 33 2.72 2.88 1.98
Lu 0.67 0.59 0.72 0.56 0.44 0.45 0.33
Mo 0.9 1.1 1.2 0.8 0.7 0.7 0.4
Cu 18.3 269 11.7 26.1 309 29.3 384
Pb 1.6 1.3 2.5 1.2 2.4 2 4
Zn 99 87 86 74 48 78 55
Ni 12.6 11.3 7 274 74.6 93.6 90.7
Cr 116 75 68 137 226 198 192

ratios may be more reliable to determine their magmatic
affinity. Low Nb/Y (0.13-0.60) ratios (Nb/Y<0.5) and
negative trend in TiO, versus Mg# variation diagram also
display a typical tholeiitic affinity’. Thus the dykes are
considered to be as tholeiitic subalkaline affinity.

The dykes exhibit LREE enrichment relative to HREE
in chondrite-normalized diagram (Figure 5 ¢) with mod-
erate to high Lan/Yby (2.64-8.97) and Lan/Smy (1.60—
3.56) ratios, suggesting an enriched mantle source®. The
absent of strong HREE depletion suggests the absence of
residual garnet in the source’. The total REE (XREE) val-
ues are 107.02-293.03. In primitive mantle-normalized
multi-element variation diagram'® (Figure 5 d), the dykes
display notable HFSE and Pb depletion with elevated Th,
U and La.
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The role of olivine and clinopyroxene fractionations is
shown by their low content of compatible elements such
as MgO (3.03-7.06%), Ni (1.1-93.6 ppm), Co (18.6—
39.2 ppm) and Cr (41-226 ppm) as well as Mg# (31.36—
57.67). In Ti versus Zr diagram (Figure 6 b), the dykes
display distinct concave downward pattern implying
changes in fractionation phases. Fractionation of olivine
and clinopyroxene increase both Ti and Zr concentrations
whereas magnetite fractionation will decrease Ti but not
Zr. Lack of significant Eu negative anomaly (Eu/Eu*:
Euy/N(Smy) - (Gd)x)] = 0.73-1.01) suggests plagioclase
fractionation is insignificant.

It is important to evaluate whether the dykes were
formed in a continental intra-plate or arc-related settings.
Continental intra-plate basalts generally contain high Zr

CURRENT SCIENCE, VOL. 113, NO. 7, 10 OCTOBER 2017
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Figure 4. Variation diagrams of selected major and trace elements versus Mg# for the mafic dykes from Ajil, Eastern Belt of Peninsular Malaysia.
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(>70 ppm)'" content, Zr/Y (>3.4)"", Zr/Sm (=30)"* and
Ti/V (20-50)" ratios. On the contrary, arc-related basalts
contain low Zr (<130 ppm)'' content, Zr/Y (<3.3)",
Zr/Sm (<20)'? and Ti/V (<20)" ratios. The studied dykes
have high Zr (100.7-356.7 ppm) contents, Zr/Y (3.22—
7.96), Zr/Sm (15.6-38.7) and Ti/V (39.3-81.2) ratios,
compared to continental intra-plate basalts. In Zr/Y ver-
sus Zr diagram'* (Figure 64), all dykes are plotted on
WPB field except for DY 10 and DY25 plotted on MORB
field. In Ti versus Zr diagram' (Figure 6 b), most of the
dykes are plotted on Within Plate Basalt (WPB) field ex-
cept for DY25 plotted on MORB-WPB field and DY 13,
DY 17 and DY27 plotted on Island Arc Basalt (IAB) field.
The transitional MORB-within plate feature suggests an
initial stage of continental rifting". Field observation also
shows the studied dykes crosscut Permo-Triassic arc-
related granite, suggesting that their emplacement took
place during post-crystallization of granite.

Depletion in HFSE and low Nb/La (0.30-0.56) ratios
indicate crustal contamination''. In Nb/La versus SiO,
plot, the dykes show relative horizontal trend (Figure
6 ¢). In Nb/La versus Th/La plot (Figure 6 d), the dykes
are plotted near the Th/La= OIB (Oceanic Island
Basalt)'® line and away from the upper crust'’. Crustal
contamination displays negative correlation in both dia-
grams. Furthermore, some researchers'® " argue that
HFSE depletion and Nb/La ratio are more sensitive to
hydrous metasomatism. Thus, we imply that HFSE deple-
tion and low Nb/La ratio reflect their mantle source char-
acteristics rather than crustal contamination.

Earlier researchers’?' suggest dyke emplacement
occurred as a result of mantle upwelling. Hutchison®'
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explained that mantle upwelling beneath South China Sea
caused crustal fracturing during Cretaceous period which
was later filled with the mafic magma. Ghani et al’
suggested a slab break-off model, where the rising as-
thenospheric magma intruded through fractures in rela-
tively thinner East Malaya crust. The dykes studied do
not show strong HREE depletion with moderate Lan/Yby
(2.64-8.97), Gdn/Yby (1.26—-1.90) and Dyn/Ybn (0.96—
1.37) ratios, suggesting a shallow lithospheric mantle ori-
gin’. Hence, the magma source for dykes from Ajil is of
plume-related origin since mantle plume requires deeper
source in the upper mantle?.

Potential candidate for the mantle source region of the
studied dykes is from sub-continental lithospheric mantle
(SCLM). The dykes have relatively high La/Nb (1.78—
3.29), La/Ta (23.9—45.0) and Zr/Nb (7.8-28.0) ratios.
These values suggest that SCLM source region has been
influenced by hydrous metasomatism> 2. In Ce/Pb ver-
sus La/Nb diagram® (Figure 6 ¢), the dykes are plotted on
subduction-related (influenced by metasomatism) or
lithospheric mantle origin field. The influence of hydrous
metasomatism in their mantle source region”’>* is further
supported by subchondritic Nb/Ta (12.3-18.4), super-
chondritic Zr/Hf (34.7-49.7) and also Th/Zr enrichment
relative to Nb/Zr in Nb/Zr versus Th/Zr diagram®® (Figure
61).

However, what causes hydrous metasomatism to the
source region of dykes is unknown due to the lack of
geochronology and isotopic data. Whether their magma
was a product of partial melting of SCLM due to direct
slab dehydration or partial melting of metasomatic veins
in the lithospheric mantle during post-subduction period,
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remains speculative. Another question that arises in this
study is, what mechanisms are involved in triggering the
mafic dykes magmatism during Jurassic to Cretaceous
periods? These are important aspects which require
further investigation.

A new detailed geochemical data of mafic dykes from
Ajil in Eastern Belt of Peninsular Malaysia is presented
here. The outcome of the present study is: (1) the dykes
are considered as tholeiitic subalkaline affinity; (2) frac-
tionating phases are mainly controlled by olivine and cli-
nopyroxene; (3) the dykes were emplaced in fault-
controlled within-plate setting; (4) the dykes originated
from shallow lithospheric mantle and their source region
has been influenced by fluid-related metasomatism.
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