Alkaline intrusion in a granulite ensemble in the
Eastern Ghats belt, India: Shear zone pathway and a
pull-apart structure
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The alkaline complex of Koraput, Orissa, India, is one of several bodies in the high-grade Eastern
Ghats belt, but this one is an integral part of the high-grade belt and remote from the westemn
boundary against the Bastar craton. The Koraput complex forms a lozenge-shaped intrusion into
the metapelitic granulites and is bounded by shear zones. The combined effect of movement along
these shear zones, is a northeasterly elongated sygmoidal cavity with maximum width along the
northwesterly trending Heidel shear. Thus the Koraput alkaline complex can be considered to have
been emplaced in a pull-apart structure, developed in the granulitic country rocks. Moreover, in
view of the fact that the western margin of the high-grade Eastern Ghats belt bears clear evidence
of collisional features, rather than that of rifting or break-up, the rift-valley model for the alkaline
magmatism in this high-grade belt appears untenable.

1. Introduction

Apart from Benioff zone-related magmatism and
continental lood basalts, igneous activity on conti-
nents is restricted to rift valleys and local hotspots
(Bailey 1974). While continental flood basalts are
more common along successtul branches of rift
systems, alkaline magmatism predominates along
failed arms normally preserved within continents
(Philpotts 1990). However, except for the mod-
ern rift systems such as that of east Africa, the
relation between tectonism and mapgmatism have
not been precisely determined. On the other hand,
some continental alkaline rocks, such as those of
White Mountains in New Hampshire, Canada, do
not appear to be associated with rift valleys, but
instead form elongate belts that may trace the
paths of continents over mantle plumes.

Several exposures of alkaline complex have been
reported from the high-prade Eastern Ghats belt,
India, but no in-depth study of the structural set-
ting has yet been undertaken (Leelanandam 1998

and references therein). Such a study is expected
to discriminate between the two alternative mod-
els: rift-valley magmatism or plume tectonics. In
this paper, we describe the preliminary structural
setting of the Koraput alkaline complex in terms of
the structural framework of the high-grade Eastern
Ghats belt and thereby reveal the relation between
tectonism and alkaline magmatism.

2. Geological setting

The lithological make-up of the Eastern Ghats
belt, along the east coast of India and bounded
by Singhbhum and Bastar cratons to the north
and west respectively, could be described in terms
of three broad groups, namely, metapelitic gran-
ulites; chamockite-enderbite gneisses and associ-
ated granulites; and migmatitic gneisses (figure 1).
Additionally, a transition zone oceurs along a sig-
nificant length of the western margin. Anorthosites
and alkaline complexes are other important rock
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types in this high-prade belt. This belt has the
imprints of three major episodes of folding and
associated metamorphic fabrics, developed on var-
ious scales (Sarkar et ol 1981: Halden ef al 1982;
Bhattacharyva et al 1994; Bhattacharya 1997).
Complex, multi-stage granulite facies metamor-
phism is also evident in a few localities (Sen ef al
1995; Bhattacharya ef of 2003). On the evidence
of NE-SW regional tectonic trend, represented by
Sy gneissosity, a steep axial planar foliation; and

commaon structural repetitions, the Eastern Ghats
belt could be described as a convergent orogen that
evolved under a regional NW-SE directed compres-
sion and attendant homogeneons shortening (Bhat-
tacharya et al 2001).

3. Lithology and field relations

Four main lithological varieties of alkaline rocks
could be identified in the field, namely:
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(i} mesocratic and coarse, equigranular, syenite
{with neither quartz nor nepheline);
(ii} melanocratic, fine grained syenite;
(iii) commonly foliated nepheline syenite and
(iv) coarse grained lencocratic syenite.

The central part of the body is mostly occupied
by the mesocratic syenite, while melanocratic syen-
ite oceurs as small bands, commonly enclosed by
the mesocratic syenite. Nepheline syenite mostly
oceurs along the border. Lencocratic syenite occurs
partially along the southeast border (figure 2).
Intrusive contacts, particularly of melanocratic
syenite against pelitic granulites with a pervasive

Geological map of the area around the alkaline complex of Koraput.

gneissic foliation, is common (figure 3a). Leuco-
crafic syenite also ocours as cross-cutting veins in
melanocratic syenite (figure 3b). Foliation, particu-
larly, in the mesocratic syenite, is defined by paral-
lel alipnment of mafic minerals, mostly amphibole,
could be a magmatic foliation (figure 3¢). Some
cross-cufting veins in the mesocratic syenite are
fine-grained variety of the host syenite, and hence
could be shear veins (figure 3c). On the basis of
modal compositions (table 1), the four lithologi-
cal types could be described as calc-alkali syenite;
gabbro-norite; nepheline syenite and perthite syen-
ite respectively (Streckeisen 1976).
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Figure 3ia). Intrusive contact of melanocratic syenite with metapelitic granulites; pervasive gneissic foliation in the pelitic
granulites abuts against the syenite boundary.

Figure 3(b). Branching wveins of leucocratic syenite within melanocratic syenite.
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Figure 3{c). Foliation in mesocratic syenite defined by parallel arrangement of mafic minerals; also a fine-grained vein
across the folintion & compositionally not different from the host syenite, and could be a shear vein.

Figure 3{d). A smallscale shear zone in metapelitic gramilite, close to the alkaline body, depicts 5-C mylonitic fabrics:
contimons (east-west) one & the cleavage C and discontinuous obligque one is the mylonitic banding S.
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Figure d{e).
body of alkaline rock.

4. Structural setting

The NNE-S8W oriented, lozenge-shaped body of
the alkaline complex with long dimension of 4 km
and maximum width of 0.75km is intrusive into
metapelitic granulites. The gneissic foliation, S; in
metapelitic granulites is axial planar to the root-
less folds defined by the quartzite bands. This
gneissic foliation displays some mesoscopic folds,
particularly on the western side of the alkaline
body and these folds are commounly overturned
to isoclinal with steep easterly plunges (figure 2).
On  the other hand, shear zones traverse the
host metapelites near the alkaline complex bound-
ary and commonly transpose the typical gneis-
sic foliation (figure 3d). Sometimes, the stretching
lineation on the mylonitic foliation abuts against
intrusive melanocratic syenite body in the con-
tact region (figure 3e}. Two sets of mylonitic folia-
tion are observed. The dominant shear planes are
northeasterly trending with moderate southeast-
erly dip (figures 2 and 4a). The stretching lin-
eation om them is obligque towards north, indicating
a significant (sinistral) strike slip component (fig-
ure 2). The microstructures observed in the X-Z
section (parallel to stretching lineation and nor-
mal to shear plane) indicate a normal-fault sense of
shear (figures Ha and 5b). A set of subsidiary shear
planes developed with northwesterly trend and
steep southerly dip, with maostly down-dip stretch-
ing lineation (figure 4a). Microstructures indicate

Striping lineation on mylonitic foliantion, in metapelitic granulite, abuts against the boundary of an elliptical

a reverse-fault sense of movement; possibly rep-
resenting a Heidel shear. Also, mesoscopic field
survey on a shear lens bounded by two nearly par-
allel {dominant northeasterly trending) shear zones
is consistent with sinistral-top towards northwest
normal fault sense of movement (figure 6). Meso-
scopic field survey in the contact region (loca-
tion 55, marked in fipure 2), also reveals unusual
fold geometry in metapelitic country rock. Unlike
the reclined F: folds away from the alkaline body,
here the gneissic foliation describes upright folding
on mesoscopic scale (figure 4b). This is presum-
ably the result of some sub-horizontal compression
related to the emplacement of the alkaline magma.
Also, the mapgmatic foliation within alkaline
rocks: parallel alignment of mafic minerals in
nepheline syenite, compositional banding and par-
allel alignment of feldspars in perthite syenite,
is consistently northeasterly trending and steep
southeasterly dipping (figure 4c¢), indicating the
passage of magma along dominant shear planes.
All these observations and structural and kine-
matic evidence indicate that the present alkaline
complex is bounded by shear zones. The com-
bined effect of movement on these shear planes
is a sygmoidal gap with maximum width along
the strike of the subsidiary, northwesterly trending
shear plane. The shape and orientation of the alka-
line body perfectly matches with this sygmoidal
gap and hence can be considered to have been
emplaced in a pull-apart structure (figure 7).
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Figure 4. Stereograms: (a) Poles to mylonitic foliation (filled triangles) contoured at 1, 3, 5% per 1% arca and stretehing
lincation (filled circles) contoured at 1, 3, 5% poer 1% area. Great circles represent two possible mean orientations of shear
zones; (b) Poles to 51 in khondalite of location 55 (see fgure 2), depicting a great circle distribution; pole to the great
circle is nearly horizontal, indicating upright folding: {(e) Poles to Aow foliation in the alkaline complex, contoured at 1, 3,
¥ per 1% aren; great circle represents the mean orientation, nearly parallel to the orientation of the major shear zone.

5. Discussion and implications

Tectonic settings of continental alkaline complexes
are commonly modeled from geochemical con-
straints in relation to the well-studied east African
rift voleanics (Macdonald et al 1994). However,
older rift provinees, such as the Proterozoic Gardar
province of south Greenland exhibit considerably
more plutonic components {Maecdonald and Upton
1993} and for the plutonic alkaline complexes,
guch as those in the Eastern Ghats belt, tectonic
setting should be deciphered from field structural
data. And in most cases field structural data are
lacking or inconsistent. Several alkaline intrusions
have been reported from the Eastern Ghats gran-

ulite belt, India, and we present a case study for
the Koraput alkaline complex. This alkaline com-
plex was first reported by Bose (1970), who pro-
posed emplacement along a mega-fold developed
in the enclosing pranulitic country rocks. But, our
detailed field studies around and across the com-
plex reveals no large-seale folds. Instead, the intru-
sion definitely post-dates mescscopic F, folds, and
could relate to £y folding and associated exten-
sional features: shear cleavage with a strike-slip
component, elongated bouding, rod-like structures
parallel to subhorizental Fy axes, reported from the
Chilka Lake area (Bhattacharya 1997).

The emplacement of the Koraput alkaline com-
plex in a pull-apart structure, as described here,
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Figure 5. Photomicrographs of X-Z section of quartzite mylonite. (a) Svgmoidal polyeryvstalline quartz-mica blast; the
truncating edges are parallel to the contimous cleavage C in the rock; the elongation of the guartz-mica blast depicts S.
(b) Svgmoidal mica-fish with truncating edges parllel to the contimous cleavage O in the rock and elongation of the
mica-fish represents mylonitic banding S. Arrow pointz down plunge. The S-C relationship indicates normal fault sense of

moverment. Scale bar: 4.

is consistent with the transcurrent shear zone cav-
ity opening model of Hutton (1988) and similar to
those reported for the Donegal granite, NW Ire-
land (Hutton 1982) and Mortagne granite, France
(Guinebertean et al 1987).

On the other hand, the regional structural-
tectomic studies suggest that the Eastern Ghats
belt represents a convergent orogen that evolved

under a regional NW-SE directed compression and
attendant homogeneous shortening (Bhattacharya
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Figure 6.

Mylonitic foliation

Khondalite

Fold axis

Shear zone

Map of a small shear lens in metapelite. Section along AB, looking from NE is also shown, Note sinistral-top

towards NW normal fanlt sense of movement along the nearly parallel shear zones.

et al 2001). This is inconsistent with the idea that
the Eastern Ghats belt represents a fault-bounded
ensialic linear rift-zone (Leelanandam 1998). More-
over, the boundary between the Eastern Ghats
belt and Bastar craton is marked by a crustal-
scale shear zone which developed at the time of
collisional juxtaposition of the Eastern Ghats belt
against the Bastar craton (Gupta ef al 2000; Kar
et al 2001; Bhattacharya 2002). Recently published
geochronological data on the Eastern Ghats rocks
revealed many complexities and the entire Eastern
Ghats belt can no longer be considered as a single
lithotectonic unit { Bhattacharya et af 2001; Rickers
et al 2001). On the collision of the Eastern Ghats
belt against the Bastar craton to the west, which
is particularly relevant in the context of this paper,
there is no published isotopic data. However, some
unpublished data with the anthors on charnockitic
gneiss of the WCZ sugpgest a 2.5 Ga collisional
event post-dating charnockitic magmatism at
3.0Ga. Kar et al (2001), presented microstruc-

tural evidence of high-temperature shearing in the
charmmockitic rocks of the boundary area around
Jaypur. Morphologically two distinet types of zir-
cons were recovered from a charnockite gneiss.
The prismatic zircons give *"Pb/*Pb age of ca.
3.0Ga and could be interpreted as crystallisa-
tion/emplacement age of the charnockitic magma.
The rounded zircons, on the other hand, with
AT Ph/MPh age of 2.6 Ga, close to the lower inter-
cept age of 2.5Ga and relatively poor in U (~
130 ppm) as against that in the prismatic zircons
(=300 ppm), could represent reprecipitation and
recrystallisation (Mezger and Krogstad 1997).
According to Leelanandam (1998), “all the
teldspathoidal alkaline complexes of the Eastern
Ghats belt are virtually restricted to the western
margin and are significantly confined to the junc-
tion zone between the cratonic (non-charnockitic)
and mobile belt (charnockitic} regions”. However,
according to Ramakrishnan et al (1998), alkaline
complexes of EGMB are confined to the western
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Figure 7.

Model showing stages of emplacement of the alkaline magma along shear zone pathways, Arrow points towards

north. (a) NEly trending dominant and NWly trending subsidiary shear zone: (b) sinsiteal-top towards N'W normal fault
sense of movement along the dominant shear zone and reverse sense of movement along subsidiary shear zone, producing
a gap. (€) svemoidal gap is filled with alkaline intrusion (stippled), maximum width along N'W and maximom elongation
along NE and (d) schematic map of the model alkaline complesx.

margin between the WCZ (western charnockite
zone ) and WKZ (western khondalite zone). The
Koraput complex in particular ocours within the
WHKZ of Ramakrishnan et af (1998). Moreover, the
supposed rifting of the continental margin, accord-
ing to these authors, is separated from the main
supracrustals of EGMB by the WCZ. Thus, the
cryptic suture proposed by Leelanandam (1998)
could, if at all, pertain to the contact zone between
the cratonic and mobile belt regions; such a tran-
sition zone occurs to the west of the WCZ (cf.
figure 2 in Hamakrishnan ef of 1998). And above
all, the Koraput alkaline complex is remote from
the western boundary and no rift-tectonics can be
envisaged.

The disposition of many of the alkaline com-
plexes in the Eastern Ghats belt is, however, con-
sistent with the alternative interpretation that they
may represent local hot spots, and could trace
the path of comtinents over mantle plumes (fig-
ure 1). Moreover, for the Koraput complex, move-
ment along the principal northeasterly shear-zone
is consistent with crustal thinning, which could
have resulted from upwelling of mantle above some
hotspots. Finally, it wonld be interesting to isotopi-
cally monitor these alkaline bodies in the Eastern
Ghats belt, to verify any linear progression that
wonld be expected if a plate moved over a plume
(Foland & Faul 1977).

It is significant that continental alkaline mag-
matism, particularly for a plutonic complex such
as the Koraput complex, could be related to tec-
tonism from field structural data and it would be
encouraging to undertake similar studies for other
plutonic complexes in the Eastern Ghats belt.

Also, In view of the indications that alkaline
magmatism at Koraput is not associated with rift-
ing or continental break-up, the alternative model
of plume-tectonics for the alkaline complexes in
the Eastern Ghats belt could be tested by isotopic
monitoring.
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