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ABSTRACT

In the Pugging area of East Siang district, Arunachal Pradesh, tongue like extension of the Yingkiong Group consists mainly 
of shale-phyllite-dolostone and quartzites of the Bomdo formation. In the north of Pugging, quartzites of the Bomdo formation 
are metamorphosed to quartz-muscovite -chlorite schists. At 11km NW of Pugging, the volcanics are intermixed with the very 
low grade metasediments of the Siyom Group. Both the volcanics and the metasediments have undergone ductile sharing 
overprinted by a brittle phase. The N-S trending shear zone at this place show lots of kinematic indicators from meso to grain 
scale with a dominant dextral shear sense. The sheared volcanics are hydrated while the metasediments are metamorphosed 
under greenschist facies condition. The shearing of the volcanics and metasediments may be coeval with the change in the 
axis of compression from ENE-WSW to E-W due to the Indian and Burmese plate collision.

INTRODUCTION
Mafic volcanics associated with the Yinkiong Group of rocks 
are considered as the youngest volcanic activity in the Siang 
fold and thrust belt of eastern Arunachal Pradesh (Naqvi, 
2001). These volcanics are mainly associated with the Pal-
aeocene-Eocene Geku Formation of the Yingkiong Group. In 
the Siang valley, the volcanics are exposed with a NW-SE 
trend along Yinkiong-Pugging road and this trend changes 
to N-S along Yinkiong to Pangin (Singh, 1993). There are a 
number of publications with the descriptions of the composi-
tional variations of different phases of intrusion, distributions 
and physical descriptions of the volcanics (Jain et al, 1974; 
Bhatt, 1984; Roychaudhuri, 1984 and Singh, 2007). On the 
basis of the associated fossil assemblages in the volcanics 
of the Dalbuing area of the Yamne Valley, Tripathi et al, 1988, 
assigned the age of the volcanics to be of Eocene age. To-
wards south of the Siang valley, the volcanics are folded and 
towards further south, the volcanics are exposed against the 
older Siwaliks along a splay of the Main Boundary Fault (Ach-
aryya 2008).

In the north of Pugging (Fig.1 about here), these volcanics 
are intermixed with the metasediments of the Siyom Group; 
while in the Pugging proper, these are intimately associated 
with the phyllite –shale sequence - a tongue like northward 
extension of the Yinkiong Group (Bomdo Formation: Jain and 
Thakur, 1974). We concentrate on the area at 11 km north 
of Pugging, where the volcanics and the metasediments are 
sheared together. The 1km long best exposed shear zone 
consists of intensely deformed and pervasively foliated vol-
canics and metasediments. A mylonite zone is formed in the 
interior part while the outer part along with the western limb of 
the Rikor anticline suffered brittle deformation. Lots of quartz, 
epidote and calcite veins also serve as good shear sense in-
dicators.

STRUCTURES
The one kilometer long dextral shear zone in the north of Pug-
ging trends N-S and the mylonitic foliations dip westerly. The 
tectonites consist of sheared volcanics and the sheared meta-
sediments of the Yinkiong and Siyom Group respectively. The 
phyllite -dolostone sequence of the Yinkiong Group (SE of 
Pugging in Fig.2 (Fig.2 about here) are asymmetrically fold-
ed. TheF1 and F2 are coaxial and F1/F2fold axis trend NNW. 

This trend is similar to the direction of plunge of the Rikor 
anticline and should share the same episode of compression. 
The phyllites are becoming phyllonitic at places and the axis 
of the crenulations (F2) plunge gently to NNW (Fig.5f).

Mylonites in the shear zone
Sheared volcanics are mylonitic and brown to black in colour. 
Compositional bending with wavy foliation and quartz porphy-
roclast are observed. The pervasive S-C fabric is observed in 
the mylonite zone and the stretching lineations plunge south-
erly. The C –surfaces are pervasive up to the grain scale 
and represent main mylonitic shear foliation. These surfaces 
consist of elongated actinolite, epidote, chloritoid, biotite and 
feldspar grains. The intermixing of the volcanic and metasedi-
mens are common. The shear bands in these metasediments 
are (represented as C´ foliations, Fig.3c) (Fig.3 about here) 
are quartz poor (O’Brien et al, 1987) and assumes a sinistral 
shear sense and inclined to 30o to C –foliation (Fig.5d). The 
shear bands indicate involvement of a component of exten-
sion in the process of the development of mylonitic foliation. 
The volcanics might have supplied the heat required for the 
formation of mylonitic foliation for a considerable duration.

Veination
Veins of quartz, feldspar and calcite are frequently observed 
in the mylonitic volcanics and associated metasediments. 
The epidote and adularia veins represent a post deformation 
episode of vein formation related to the hydration of basalts. 
Adularia veins also exhibit extension fractures (fig.4f). Veins 
are either cleavage parallel or cleavage transected (Fig.3g)). 
Cleavage parallel veins represents a contemporeinity of the 
veination and folding episode, while cleavage transected 
veins are clearly a later phenomena. Cleavage transected 
veins are at high angles to the foliation. 

Away from the shear zone, the western limb of the NW plung-
ing Rikor antiform show conjugate sets of veins with dextral 
and sinistral senses and clearly a post fold episode (Fig.3e). 
The shear / hybrid joins developed in the limb represent a 
shape similar to δ-object. The angle between the conjugate 
shear joints is 60o and represents a brittle- ductile transition 
zone due to the oblique compression in the north –south di-
rection. The folding of the veins and subsequent folding and 
shearing may be genetically related (Williams and Urai, 1989) 
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or they share the same episode of deformation. Veins may 
be initially tension gashes and subsequently rotated due to 
folding (Figs3.f). Subsequently veins become shorter, gradu-
ally unfolded and finally dismembered. Bedding parallel veins 
may be overprinted by simple shear producing enechelon ar-
ray of veins (Figs. 3b and d)

Microstructures and shear sense indicators
In the north of Yingkiong, the sandstone-siltstone-shale-vol-
canics sequence of Yinkiong Group is metamorphosed to tal-
cose slate and phyllite (Jain and Thakur, 1974). In the present 
area of investigation, the volcanics (actinolite schists, chlo-
rite schists and epidote schists with occasional compressed 
chert) and the metasediments (Schistose quartzite, quartz-
mica schist, muscovite-chlorite schist and abundant quartz 
and calcite veins) exhibit considerable fabric asymmetry. 
Volcanics are fine grained and augite, chlorite, epidote, pla-
gioclase, and k-feldspars are dominant. The composition in-
dicates an original basaltic composition metamorphosed and 
hydrated. The effect of hydration is responsible for the epidoti-
sation of the pyroxene. The feldspars are also serisitised. Au-
gite and k-feldspar clasts in the matrix of epidote, chlorite and 
other phyllosilicates asymmetrically rotated (Figs.5 c and e) 
extended, dismembered in the limbs of the open folds (Figs.5 
b, d and e). Asymmetric chloritoid porphyroclasts also show 
book-self gliding (Figs.4a, 5e). (Fig. 4 and 5 should be here) 
.Small crenulations in the phyllite are asymmetrically rotated 
(Fig, 5f). Petrographic observations of the sheared volcanics 
also reveal euhedral epidote and veins of adularia. Euhedral 
epidote suggests a post deformation alteration of the volcan-
ics. 

Samples are collected form the core of the shear zone and 
thin sections are prepared parallel to the XZ plane of the fi-
nite strain and parallel to the lineation. The wavy foliation is 
defined by the composition bending consisting of quartz and 
asymmetric trails of feldspar porphyroclasts in the phyllonites 
and chlorite and pyroxene porphyroclasts in the sheared ba-
salts. The prophyroclasts are elongated rotated and mostly 
showing sinistral senses. The grain margins are more or less 
straight and cerrated indicating a protomylonitic stage. Pyrox-
ene clasts show cross cutting microshears (Roy et al, 2010), 
bookshelf and pull apart structures (Figs.4a and 5e).
Shear bends are penetrative to the grain scale. C´ and C sur-
faces are making an acute angle relationship. These are char-
acterized by elongated fine grained quartz, feldspar and mica 
flakes (Fig.5d). The chloritoid porphyroclasts show δ- type 
mantle porphyroclasts with characteristic bent trails (Fig.5a). 
Highly crenulated fine grained phyllites exhibit crenulation 
cleavage with distinct NW-SE orientation (Fig.5f)).

DISCUSSION
In the north of Pugging , the contact between the volcanics 
of the Yinkiong formation and the Siyom Group is a sheared 
contact which is so far reported as the thrust contact. The 
shear zone trend almost north -south and initial ductile phase 
is over printed by a brittle phase. The volcanics are sheared 
and hydrated. The associated sediments have suffered very 
low grade metamorphism. The affect of hydration could be 
observed as the basic minerals like pyroxene have altered 
to epidote and actinolite . Chloritoids are also formed in the 
metasediments. The fabric asymmetry indicates mainly dex-
tral rotation of the grains. The dextral sense is also recorded 
in the mesoscale shear sense indicators (Fig.5g). The NE 
part of the Indian lithosphere might have contained an oblique 
ramp over which the Himalayan nappes climed (Acharyya, 

2008). The phyllite –dolomite sequence of the Yingkiong For-
mation show F1 and F2 coaxial folding trending to NW while 
the F3 fold plunge towards NNW. The change in the axis 
of compression might be responsible for the strike slip fault 
to develop in the north of Pugging which helped the Siang 
River to take sharp turn in its course. The F4 episode could 
be correlated to the major faulting /shearing in the region. 
In the Siang dome, the basic response to shortening is the 
lithospheric buckling.The shortening is laterally constrained 
between major faults (Burg and Podladchikov, 1999). The 
overall stress field shows a change from the ENE-WSW com-
pression changing to transpression with compression axis 
changing its orientation to E-W direction due to the Indian and 
Burmese plate collision.

CONCLUSIONS
1.	 The earlier reported thrust contact between metasedi-

ments and volcanics at 11 km north of Pugging is a shear 
zone where earlier ductile fabrics are later overprinted 
by brittle deformation. The kinematic indicators suggest 
a dominant dextral sense of shear in the N-S trending 
shear zone.

2.	 In the north of Pugging, volcanics are observed to be en-
trapped within metasediments. Evidences of hydration in 
the volcanics represented by alteration of pyroxene by 
epidote actinolites and chloritoids 

3.	 The shearing in the volcanics and metasediments in the 
north of Pugging involve both hydration of the sheared 
volcanics and thermally perturbed metasediments under-
gone low grade metamorphism.

4.	 Phyllite -dolostone sequence of the Yingkiong formation 
show F1 and F2 coaxial folding plunging to NW direction 
whereas F3 axis plunges to NNW direction. The F1 and 
F2 trend is similar to the trend of the axis of the Rikor anti-
cline and should share the same episode of compression.

5.	 The Siang River takes a sharp bend in the north of Pug-
ging and may follow a strike slip fault SW of Sisi Nala.

6.	 Syn-sedimentary volcanism in the present area indicates 
occurrence of a short lived rift basin in the buckled north 
-east part of the Indian plate.

7.	 The subsequent east-west directed shortening due to the 
Indian and Burmese plate collision witnessed thrusting / 
shearing and thrust constrained folding 

Description of the figures:

Fig.1.Location map, the study area is shaded
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Fig.2. Geological map of the area studied. At 11 km NW of Pugging the contact between the Siyom Group and the volcanic is an 
N-S trending dextral shear zone. Another NW-Se shear zone is shown in the 90o bend in the Siang River. SE of Pugging the phyl-
lite- dolostone sequence shows another shear zone with sinistral sense.

a.	 Sheared metavolcanics show cleavage parallel veins with dextral sear sense
b.	 Dextrally rotated veins in the sheared volcanics
c.	 C´ shear bend and sinistrally rotated and dismembered feldspar clast
d.	 Dextrally rotated veins in the sheared volcanics
e.	 Shear / hybrid joints in the western limb of the Rikor Antiform
f.	 Right lateral shifting of the veins (Plan view)
g.	 Sinistral rotation of the veins in the volcanics
h.	 Dolomite-Phyllite co folding. The folds verges to NNW
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Fig.3

a.	 Pull apart microstructure shown by chloritoid grains
b.	 Metapelites and metavolcanics. Chloritoid clasts in the 

metavolcanics shows dextral shear sense
c.	 Late growth of actinolite in the compressed pumice
d.	 Late growth of euhedral epidote shows brittle fracturing
e.	 Sheared pumice, the sense is sinistral
f.	 Late growth of adularia vein shows extension fractures

Fig.4

a.	 Chloritoid clasts showing dextral shear senses
b.	 Actinolite schist showing dextrally sheared compressed 

pumice
c.	 Actinolite showing scar fold above and quartz rich layer 

show dextral shear sense below
d.	 Dextrally sheared epidote vein in compressed pumice 

and quartz poor C’’ extension shearing
e.	 Synthetic microfaults in the chlorite clasts
f.	 Asymmetric microcrenulation in the phyllonite. The shear 

sense is sinistral. The steep limb verges towards NNW

Fig.5
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