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Abstract: The a lka lic seri es of the Benom Complex, Pahang, consists of monzonite, syenite and gabbro ic rock. The contact 
between monzonite and gabbroic rock suggest that both magmas are mixed. Ev idence of the mix ing can be seen at the new 
roadcut outcrop a long the Benta township by-pass such as dispersion of K-fe ldspar from monzonite in the gabbroic rock. The 
end stage of this dispersion is the free sw imming of K-fe ldspar individual crystals in the gabbroic material. Thi s structure is 
interp reted as the result of mechanical transfer during the mafic-fe lsic magma interaction and mix ing event. All these fea tu res 
suggest an origin for the alka lic in termediate rocks of the Benom Complex invo lvi ng a magma mix ing process .. 

INTRODUCTION 

Magmati c interaction processes have been widely 
recogni zed and studied in both plutoni c and volcani c 
environments (e.g. Poli et aI. , 1996; De Rosa et a I. , 1996; 
Thomas and Tait, 1997; Blake and Fink, 2000). The 
interaction between crust- and mantle-deri ved magmas 
resulted in a wide variety of hybrid rocks ranging from 
homogeneous, complete ly blended tonalites, to 
heterogeneous, mechanica ll y mixed, mafic enclave­
bearing grani tes. There is abundant field, petrographic 
and petrochemica l evidence that co-mingling and mixing 
do occur in the plutonic environment, at least on a loca l 
scale (e.g Hibbard 199 1). Most ca lc-a lkaline plutons in 
di ffe rent orogeni c belts show mafic mi crogranular 
enclaves (see Didier and BarbaIin, 199 1, fo r defi nition) as 
a common feature and it is commonly accepted that they 
are the result of mingling and mixing processes between 
bas ic and acid magmas (e.g. Vernon, 1984; Williams and 

Tobisch, 1994; Po li et a I. , 1996, Flinders and Clemens, 
1996). 

Thi s paper will describe the fi eld occurrence of 
mixi ng and mingling found in the alka li c seri es rocks of 
the Benom Complex, Central Belt of Peninsul ar Malays ia. 
The rol e of magma mixing in this rock complex is 
demonstrated by several lines of evidence: (I ) Evolution 
of machanica l mix ing, characteri zed by progress ive 
fragmentation of K-fe ldspar in monzoniti c magma, (2) 
Coarseni ng of the gabbroic minerals in the mixed rock and 
(3) dispers ion of K-feldspar phenocrysts fro m monzoni tic 
composition into the gabbro rock. 

GENERAL GEOLOGY 

The Central Belt has less publi shed information of its 
geochemica l affi niti es than the Main Range, however, it is 
comparab le to the Eastern belt (Cobbing et aI.1 992). One 
of the main plutonic com-plexes in the Central Belt is the 

Benom complex. 
The Benom Plutoni c 
Complex is con­
stituted by a number 
of igneous intnls ions 
that fo rm a narrow 
and we ll defin ed line 
of single plutons 
emplaced into 

Permo-Triassic 
rocks. The intnl­
sions are mainly 
graniti c of cal c a lkali 
affiniti es assoc iated 
with mafic to in te r-

Figure 1: Comparison between syenite (left) and monzonite in the field. Syenite 
dominated by tabular euhedral K-feldspar forms a flow-like foliation. Monzonite 
packed with subhedral to anhedral K-feldspar. The size of the K feldspars is coarser 
compared to those in syenite. 

medi ate (syeni te, 
monzonite and 
gabbro) of a lka lic 
seri es (Jaafa r Ahmad 
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1979). The latter is also known as Benta migmatite 
complex by Hutchison, 1971. The complex occurs very 
close to the Bentong-Raub line, which may suggest an 
underlying structural control for its emplacement. 
Geochemical study shows that the alkalic series rocks of 
the complex contain very high contents of large ion 
lithophile elements (Ba and Sr) (Azman et al. 2002, 2003; 
Mustaffa Kamal & Azrnan 2003; Azman & Mustaffa 
Kamal 2004). This paper describes the outcrop of the new 
road cut that by-passes Benta town, built in 2004. The 
road cut runs between the two important localities of the 
'Benta Migmatite' (Hutchison 1971) that is Jeram Besu 
and Benta JKR quarry. 

FIELD DESCRIPTION 

In general, three rock types occur in the study area, 
that is gabbro, monzonite and syenite. The syenitic rock is 
coarse grained, well foliated (Fig 1) and dominated by 
numerous large tabular euhedral to ellipsoidal crystals of 
alkali feldspar of maximum dimension 1 to 3 cm and 
width of 1 cm. The rock is essentially made up of K­
feldspar, hornblende, plagioclase, quartz, biotite, sphene, 
apatite and epidote. The microcline phenocrysts in the 
syenite are usually pale pink in colour. Carlsbad twinning 
in these tabular crystals is obvious even in hand specimen. 
It is observed that the oriented K-feldspar often contain 
inclusions of plagioclase laths arranged in a zonal manner. 
The green hornblende sometimes contains inclusions of 
apatite and quartz. Opaque mineral, probably magnetite is 
sparsely distributed in the syenite. The hornblende and 
biotite are sometimes aligned parallel to K-feldspar and 
plagioclase enhancing the foliation. In general the syenitic 
rock is homogeneous with very few enclaves and with 
sharp contacts with both gabbro and monzonite 

Monzonite is coarser grained (Fig 1) compared to the 
syenitic rock and dominated by subhedral to anhedral K­
feldspar.The size of the K-feldspar ranges from 0.5 cm to 
5 cm. A comparison between the monzonitic and syenitic 
rock is shown in Figure 2. Monzonite is holocrystalline 
inequigranular and coarse grained comprising K-fe1dspar, 
plagioclase, augite, hornblende, biotite, epidote, sphene 
and apatite. The K-feldspar is microcline and their perthite 
varieties. It occurs as big crystals showing good Carsbad 
twinning and sometimes faint zoning outlined by dust 
inclusions. Plagioclase occurs as lath-shaped crystals 
showing distinct lamellar twins. Their compositions vary 
from An24 to An37• Small lath shaped plagioclase crystals 
are also found in the big K-feldspar crystals. Some 
plagioclase is sericitised with fine mica along twin-planes. 
Individual hornblende crystals are subhedral and twinning 
is not uncommon. Clinopyroxene, mainly augite, is 
commonly twinned and exhibits corona texture made up of 
hornblende. Biotite occurs as subhedral crystals 
occasionally containing inclusions of equant apatite. 
Granophyric intergrowth between quartz and K-feldspar 
occurs both in the interstices and inside K-feldspar 
phenocrysts. 

Gabbroic rock is fine to medium grained (Fig 3 and 
Fig 4), black to greenish black in colour and consists of 
augite, hornblende, biotite and plagioclase. The augite is 
commonly twinned and rimmed by hornblende in tum is 
rimmed by biotite. In fact the occurrence of successive 
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rims made up of augite, hornblende and biotite is not 
uncommon. Some augite crystals are weakly pleochroic 
from yellowish brown to pale brown. Primary hornblende 
usually forms subhedral grains showing parallel 
intergrowth with augite. It is usually pleochroic from 
green to pale green. Biotite occurs as flakes with distinct 
cleavage, forming up to 35% in some gabbroic samples. 
Inclusions of ilmenite and sphene are common along 
cleavage traces and ragged edges of biotite. 

Mixing between Gabbroic and Monzonitic rock. 

The contact between monzonite and the gabbroic 
rock is rather enigmatic in places. Both sharp and 
gradational contacts were observed between these two 
rocks. Both types of contacts, however, suggest that the 
relationship between the monzonite and the gabbro is 
magmatic. In places the gabbroic rock forms numerous 
rounded enclaves in the monzonitic host giving rise to a 
pillow-like structure. The gabbroic enclave morphologies 
are extremely variable ranging from rounded to 
ellipsoidal. The contacts between syenite and monzonite 
are always sharp. 

In other parts, the contacts between the gabbroic rock 
and the monzonite are diffuse and the whole rock is more 
homogeneous. Medium to large K-feldspar crystals can be 
seen dispersed in the gabbroic rock in varying degrees. 
The crystals form a train of K feldspar or schlieren-like 
texture in gabbroic material. The extreme case is the 
occurrence of individual K-feldspar of various sizes from 
monzonitic rock in the gabbroic rock (Fig. 5 and Fig.6). 
In this case, it is not possible to discriminate a precise 
boundary between enclaves and hosts because of the 
continuous interlocking of crystals of the two rocks. In the 
area where the monzonitic material forms a flow-like or a 
schlieren-like texture in the gabbroic rock, the later is 
usually coarser grained compared to the gabbroic rock that 
are far from the monzonitic material. Occasionally the K­
feldspar that dispersed from the monzonitic rock formed a 
net complex around the gabbroic 'enclave' (Fig. 7) 

CONCLUDING REMARKS 

The mixing structure observed in the study area 
strongly suggests an igneous origin of the alkalic series of 
the Benom Complex. This supports the findings of Yong 
et al. (2004) that the complex is magmatic and not 
metamorphic (cfHutchison 1971). 

There are fundamentally three different types of 
plutonic events on settings in which co-mingling between 
contrasted magma may occur: (1) both mafic and granitic 
magmas may be injected more or less simultaneously into 
the same set or sets of fracture, (2) an established chamber 
of granitic magmas may be invade by mafic magma (3) 
granitic magma may invaded an established chamber of 
mafic magma. Examples of all three settings have been 
identified in the study of plutonic rocks (Wiebe 1973, 
1974; Wiebe and Wild 1983). Each setting provides 
different opportunities for interaction between the two 
magmas and each setting has distinctive characteristics 
that can normally be recognized in the field. From the 
mixing texture observed in the study area, setting (1) is 
more likely for the alkalic series of the Benom Complex. 
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Figure 2: Contact between gabbro and foliated 
syenite. Note the crenulated and irregular shape 
of the contacts. 

Figure 4: : An early stage of the dispersion of 
monzonitic K-feldspar in the gabbroic rock. 

Figure 6: : End stages of K-feldspar dispersion in 
the gabbroic rock. Note the various sizes of the K -
feldspar crystals. 

June, 2006 

Figure 3: Contact between gabbro and monzonite. 
Note the crenulated and irregular shape of the 
contact. 

Figure 5: : End stages of K-feldspar dispersion in 
the gabbroic rock. In this stage the euhedral K­
feldspar forms a schlieren-like texture in qabbroic 

Figure 7: : K-feldspar surrounding the gabbroic 
enclave as a net-vein like structure. 
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The synplutonic textures observed in the study area are: 
(1) dispersion of K-feldspar from monzonitic rock in the 
gabbroic magma and (2) formation of monzonitic net vein 
surrounding the rounded gabbroic enclaves. The 
monzonitic rock may have been 90% crystallised as seen 
from the areas not affected by the mixing process. The 
ability of K-feldspar from monzonite dispersed into the 
gabbroic rock may suggest that the gabbroic magma 
contained more liquid and thus helped to mechanically 
move the K-feldspar from the gabbro-monzonite interface. 
Rounded enclaves and the contact between the gabbroic 
and monzonitic magmas are devoid of chilled margins 
implying a small temperature contrast between the 
magmas. 
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