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Abstract:  
The Kyrdem Granitoids (KG) pluton covers an area of about 230 sq. km. in the Ri-Bhoi district of Meghalaya. The 
KG (479±26 Ma) which intrudes the Shillong Group of metasediments represents one of the granite plutonism 
episodes of Meghalaya plateau. Mineralogically, KG can be grouped into coarse-grained porphyritic granite with 
grey and pink K-feldspar phenocrysts and aplite without phenocrysts. The aplite intrudes the porphyritic one as 
small pulses at several places. KG exhibits textural evidence for magma mixing and mingling during its evolution. 
Two types of enclaves are hosted in the KG viz. the country rock xenoliths and the microgranular enclaves (ME). 
Xenoliths which include amphibolites, granite gneiss, and quartzite of the Shillong Group are noticed in the 
porphyritic granite of KG. Microgranular enclaves (ME) hosted in KG are confined to the porphyritic granites and 
they are absent in the aplite. They are mesocratic to melanocratic, fine to medium grained and range in size from a 
few centimeters to a few meters. The ME shows different shapes ranging from subrounded, ovoid, and discoidal to 
ellipsoidal. The contacts between the host rock KG and the ME are sharp but occasionally diffused contacts are also 
noticed. In some cases, the ME shows finger-like projections with a convex face towards the host rock. Elongated, 
tabular, and sub-rounded K-feldspar megacrysts with a corroded margin are observed in the ME. These K-feldspar 
megacrysts commonlyresemble those that of the host rock. The above features suggest the origin of KG by magma 
mixing. Furthermore, textures including quartz ocellli, acicular apatite morphology, inclusion zones in feldspars 
and mafic clots also indicate that magma mingling and mixing plays a significant role in the evolution of KG. 
 
Keywords: Kyrdem Granitoids; Microgranular Enclaves; Magma Mingling And Mixing; Meghalaya; Quartz 
Ocelli. 
 
1. INTRODUCTION 
 
The Kyrdem Granitoids (KG) is one of the 
several igneous bodies reported from 
Meghalaya plateau. The study area is about 
230sq Km and is located in the Ri-Bhoi district of 
Meghalaya in the northeast of Shillong the 
capital city of the state. It falls within the 

coordinates of (25038’N to 25048’N and 92000’E 
to 92010’E). Earlier some geological works had 
been carried out in Kyrdem Granitoids, but 
magma mingling and mixing based on the field 
and petrographic evidence have not been 
studied especially. In this paper, an attempt has 
been made from field and petrographic evidence 
to prove that magma mixing and mingling 
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between the felsic and mafic magmas takes 
place in KG. 
 
Magmatic interaction processes and the 
generation of granitic melts have been widely 
studied by many researchers (Huppert and 
Sparks, 1988; De Rosa et al., 1996; Poli et al. 1996; 
Thomas & Tait, 1997; Mazumder, 1986). Magma 
mixing occurs when different magmas interact 
chemically and form blended entirely 
homogeneous hybrid magma, whereas magma 
mingling indicates the process of physical 
interaction between different magmas to form a 
rock product which preserves compositional 
heterogeneities (Vernon, 1984; Sparks and 
Marshall, 1986). Homogenization or mixing 
dominates, where large proportions of mafic 
magma interact with a relatively small 
proportion of granitoid melt, whereas mingling 
prevails where a small amount of mafic magma 
interacts with a significant proportion of 
granitoid magma (Frost and Mahood, 1987). 
 
Microgranular enclaves (ME) of diverse nature 
and origin which appear to be especially 
prevalent in granitic rocks provide proper 
evidence of magma mixing and mingling in the 
field (Vernon, 1983; Furman et al., 1985; Castro 
et al., 1991, Kumar et al., 2004, 2005). 
 
Geological Setting of the Area 
Several Geologists (Medlicott, 1869; Mazumdar 
1976; Acharyya et al., 1986; Ghosh et al., 1994) 
reported emplacements of granitoid plutons in 
the Meghalaya plateau. The KG represents one 
of the granite plutonic episodes of Meghalaya 
plateau and intrudes the Shillong group of 
metasediments and Precambrian Gneissic 
Complex. Geological map of the study area 
(modified from Chakraborty (1989) is shown in 
(Fig.1). Geochronological and geochemical 
studies carried out by (Ghosh et al., 1991) of this 
KG to be metaluminous (I-type) to 
peraluminous (S-type) granitoids and an age of 
479±26 Ma. From the study of magnetic 
susceptibility and whole rock composition, 
(Kumar and Mohan, 2008) concluded that KG 
and the microgranular enclaves (ME) are 
moderate to strongly oxidised, magnetite series 
granites formed in a late to post-tectonic calc-

alkaline, mafic-felsic magma interaction 
environment. 
 
Field observation 
Based on the mineral content and textures, the 
rocks of Kyrdem Granitoids can be grouped into 
a) coarse-grained porphyritic granite of grey and 
pink varieties with K-feldspar phenocrysts and 
b) aplite granite without K-feldspar phenocrysts. 
The aplite intrudes the porphyritic one as small 
pulses at several places. The intrusive nature is 
seen in Figure 2a near the Nongshiong village. 
Two types of enclaves are hosted in the KG viz. 
the country rock xenoliths and the 
microgranular enclaves (ME). The contacts 
between the host rock KG and the ME are sharp 
and are observed clearly in (Fig. 2b) but 
occasionally diffused contacts are also noticed. 
In some cases, the ME shows finger liked 
projections are marked in (Fig. 2e) with a convex 
face towards the host rock. 
 
The grey porphyritic granite is the major rock 
type of the area. The size of the phenocrysts 
varies from a few mm to 10 cm in length and a 
few mm to 6 cm in width. But a few giant 
phenocryst of K-feldspar up to 28cm in length 
are also noticed very rarely and are spotted in 
Figure-3b.The concentration of K-feldspar 
megacrysts showing local imbrications is 
observed in grey porphyritic granite. They show 
no evidence of moulding of one megacryst 
around another thereby suggesting that they are 
formed by crystal accumulation not in situ 
growth (Paterson et al., 2005). The cumulates of 
K-feldspar megacryst are shown in (Fig.3d). The 
grey and pink porphyritic granites are similar 
except the colour of their K-feldspar phenocryst. 
The fine-grained granite as late felsic pulses 
intrudes the porphyritic one at several places.  
 
The enclaves hosted in the KG can be grouped 
into the country rock xenoliths and the 
microgranular enclaves (ME). Xenoliths which 
include amphibolites are observed in (Fig. 3f), 
granite gneiss and quartzite as in (Fig. 3e) of the 
Shillong Group are noticed in the porphyritic 
granite of KG and also mostly in the marginal 
parts of the pluton. ME hosted in KG are also 
confined to the porphyritic granites, and they 
are absent in the aplite granite. 
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Figure 1:  Geological map of Kyrdem granitoid (modified from Chakraborty, 1989) 
 
 
 
They are mesocratic to melanocratic, fine to 
medium grained and range in size from a few 
centimetresto a few metres. Their size and 
number increases in and around Sohliya and 
Mawblang regions. They show a wide range of 
shapes from subrounded, ovoid, angular as seen 
in (Fig. 3c), discoidal to ellipsoidal (2D) as 
observed in (Fig. 2c), and in some locations 
lenticular and elongated shapes are also noticed 
in Figure 3a. In some areas ME hoisting K-

feldspar phenocryst are also observed as in (Fig. 
2d). 
 
Elongated, tabular, and sub-rounded K-feldspar 
megacrysts with a corroded margin are 
observed in the ME. These K-felspar megacrysts 
are very resembled with that of the host rock. 
Quartz crystals surrounded by mafic minerals 
giving rise to ocelli textures are also found in the 
ME and (Fig. 2f) clearly shows ocelli texture. 
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Figure 2: (a) Intrusive contact between the fine-grained and coarse-grained porpyritic granite (b) sharp 
contact between ME and KG (c) ellipsoidal ME with fingering structures at both end (d) ME hosting K-
feldspar phenocryst (e) ME with fingerlike projections towards the host rock (f) quartz ocelli (̴1 cm in 
length) in the ME from KG. 
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Figure 3: (a) elongated ME in porphyritic KG (b) giant plagioclase crystal with length of 28cm  (c) angular 
ME with sharp contact with KG (d) cumulation textures in KG  (e) & (f) xenoliths of quartzite and 
amphibolites in KG respectively. 
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Petrography 
The porphyritic KG contains phenocrysts of K-
feldspar in a groundmass of quartz, plagioclase, 
K-feldspar, and biotite. It contains titanite, 
apatite, opaque iron minerals, and zircon as 
accessory minerals. Chlorite and sericitere 
present the secondary minerals formed by the 
alteration of biotite and plagioclase. It exhibits 
coarse-grained, inequigranular and 
hypidiomorphic texture. Microcline 
predominantly represents K-feldspars, and 
many of them show microperthitic textures. The 
contact between the plagioclase and microcline 
is characterized by the development of 
myrmekitic intergrowth and albitic rims. 
Inclusions of biotite and plagioclase in K-
feldspars are also observed. Further, growth of 
acicular apatite as noted in (Fig. 4a) is also 
encountered particularly in plagioclase and 
microcline minerals. The fine-grained KG is 
composed of K-feldspar, quartz, plagioclase and 
biotite with sphene, apatite, zircon, and iron 
minerals as accessory minerals.  
 
The ME is fine to medium grained and showed 
hypidiomorphic textures. They are mainly 
composed of K-feldspar, plagioclase, quartz, 
biotite and hornblende with titanite, apatite, 
zircon and Fe-minerals as accessory minerals. 
Inclusions of biotite in the K-feldspar may be 
formed due to the interaction of K-feldspar 
minerals from the felsic magma and the mafic 
magma whereby lock-in of the mafic minerals 
by feldspar lead to the formation of this texture. 
Formation of a cluster of mafic minerals in the 
form of mafic clots shown in (Fig. 4d) in which 
hornblende occurs along with biotite, titanite, 
opaque Fe-minerals and apatite is very common 
in the ME. In some cases, titanite shows an 
ophitic relationship with laths of plagioclase in 
the presence of K-feldspar and quartz giving the 
titanite-plagioclase ocelli as observed in Figure-

4b. The zone of titanite-plagioclase ocelli is 
devoid of mafic minerals, but they are further 
again surrounded with mafic minerals mainly 
biotite and hornblende. Typically, the ME shows 
a sharp crenulated contact margin with the host 
porphyritic granite showing clearly in (Fig.4f) 
without giving any notable reaction features.   
 
2. DISCUSSION AND CONCLUSION 
 
Enclaves of various shapes and sizes are 
common in calc alkaline plutons and are good 
indications of mafic-felsic magma mixing, 
mingling and flowage texture (Dorais et al., 
1990; Didier and Barbarin, 1991; Barbarin, 2005).  
 
Mafic enclaves are particularly abundant and 
large around massive mafic intrusions of 
Sohliya and Mawblang and their size and 
abundance decreasing with distance from the 
contact between the mafic and granitoid rocks. 
The shape of the enclaves, rounded to ovoid, 
sub angular and more rarely to angularin (Fig. 
3c) having serrated or cuspate margins with 
lobes convex towards the host granitoids 
indicates quenching of the ME against the cooler 
felsic host (Kumar, 2004). The enclaves with 
rounding to ellipsoidal shape as noticed in (Fig. 
2c) are a strong indication of magma mingling 
and flow whereas lenticular or elongated shapes 
as in Figure-3a indicate either plane or linear 
deformation (Vernon et al., 1988). Didier (1987) 
again, also emphasised that ME with irregular 
shape and crenulated to cuspate contacts, 
generally are closed to the place where mixing 
process was active, whereas the granitic magma 
transported ME which have rounded shape and 
sharp contacts during the emplacement. 
Crenulated to cuspate contacts occur especially 
between two liquids that have a high 
temperature, composition, and rheology 
contrasts.
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Figure 4: (a) Acicular apatite crystals in KG (b) titanite-plagioclase ocelli with ophitic relationship (c) 
plagioclase inclusion in microcline from KG (d) mafic clots in ME (e) biotite inclusion in K-feldspar in KG 
(f) sharp crenulated contact between the ME and KG in thin section.  
 
The K-feldspar megacrysts present in the ME as 
noted in (Fig. 2d) are defined to be formed by 
mechanical transfer of K-feldspar megacrysts 
from a more felsic magma into the more mafic 
magma during magma mixing in the early 
stages of crystallisation (Vernon, 1991). 

MEhosted K-feldspar megacrysts in KG show 
signs of resorption resulting in rounded 
morphology due to reheating by a hotter mafic 
or hybrid magma system probably at the initial 
stage of mixing (Hibbard, 1965; Kumar, 2010). 
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When the felsic and mafic magmas interact the 
quartz crystals from the felsic magma has 
become unstable in that new environment and 
causes undercooling of it (Vernon, 1990,1991; 
Hibbard, 1991, Baxter and Feely, 2002). This 
promotes the nucleation of fine-grained mafic 
minerals leading to the growth of fine-grained 
aggregates which use the quartz xenocrysts as a 
substrate. Subsequent precipitation may lead to 
an outer rim of mafic minerals around the 
quartz crystal preserving as in Figure 2f in 
ocellar texture (Palivcova et al., 1995). 
 
The presence of acicular apatite in Figure 4a as a 
quench texture represents a rapid cooling of the 
hot mafic magma when incorporated with the 
relatively cooler felsic rock mass supporting the 
magma mingling and mixing (Hibbard, 1991).  
 
The titanite-plagioclase ocelli as in (Fig. 4b) 
which is having an ophitic relationship in the 
presence of K-feldspar and quartz has been cited 
as evidence of two-stage mixing of the magma 
by (Hibbard, 1991). In this texture, the titanite-
plagioclase ocelli were mantled with K-feldspar 
and quartz after their crystallisation during the 
first stage of mixing. The crystallisation of the 
mafic minerals took place during the second 
stage of mixing.  
 
The mafic clots shown in (Fig. 4d) present in the 
ME may be formed due to the reaction between 
pyroxene minerals and the magma there by 
precipitating calcic amphiboles (Baxter & Feely, 
2002). The occurrence of this mafic clot in 
adjoining KG suggests that that might be 
distributed due to the interaction of the mafic 
magma and the felsic host rock. Further, the 
presence of inclusions of biotite and plagioclase 
in K-feldspar support the interaction of two 
magma bodies. All this evidence has proved that 
KG has undergone magma mingling and mixing 
between the felsic and mafic magma. 
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