
2.0 INTRODUCTION

Andaman and Nicobar Islands are located between 6° N and 14° N Latitudes in 

the northeast Indian Ocean. The “Ten Degree Channel”, separates Andaman and Nicobar 

groups of Islands. These group of Islands are part of an accretionary prism or wedge 

which forms the outer arc ridge of the Andaman subduction zone (northernmost section 

of the Sunda-Banda subduction zone). This accretionary wedge was a result of northward 

oblique subduction of Indian plate below the Burmese micro plate along the Andaman- 

Java Trench (Curray, 2005). This chain of Islands, extends from the Myanmar Arakan- 

Yoma coast in the north down to Sumatra and Java in the south. Sewell (1925) suggested 

that the Andaman-Nicobar Ridge had drifted toward the West away from the South-East 

Asian mainland, and had thus formed a pronounced curve with its apex in the region of 

‘Little Andaman’ Island.

2.1 SUBDUCTION ZONE

Subduction zones are extremely dynamic regions of the Earth's surface. They are 

collision sites between Earth's tectonic plates, where a subducting plate is carried deeper 

into the Earth's mantle beneath an overriding plate. These zones are known as largest 

recycling system in our planet, where oceanic lithosphere and arc magmas are created 

along the zones that harden to generate young continental crusts.

There are two types of subduction zones based on the nature of convergent of two 

lithospheric plates: i) ocean-ocean plate’s subduction and ii) ocean-continental plate’s 

subduction. Oceanic plate subducts beneath oceanic plate a deep trench, is created at 

boundary between the two. This type of setting are usually found with basalt and basaltic 

andesitic. In the second case oceanic plate subducts beneath a continental plate, a shallow 

trench, this type of setting are mainly contain calc- alkaline andesite along the plate 

margin.

Subduction plays an important role in plate tectonic mechanism because the 

gravitational pull of subducted slabs drives the motions of Earth's tectonic plates, (Conrad 

and Bertelloni, 2002). It is also believed that mantle convection which is responsible for 

the plate motions, driven primarily by the descent of dense slabs of the subducted oceanic 

lithosphere (Hager, 1984). The oceanic lithosphere ages and, its density increases so that 

an instability arises and as the plate sinks instinctively in the mantle under its own weight
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and that the applied compressive stresses and moderate convergence are essential to form 

a new subduction zone. The most likely mechanism through a transfer of stress induced 

by a collision, leading to 'forced' subduction initiation. Silver and Behn, (2008) proposed 

that the subduction has operated continuously on Earth without interruption, subduction 

zones are routinely terminated by ocean closure and supercontinent assemblage. Hansen 

(2007) proposed a hypothesis that mantle upwelling and thermal processes, combined 

with an impact from an extra-terrestrial source, gave the early Earth discontinuities in the 

crust for the subduction of the denser material underneath lighter material.

2.1.1 Structure o f a Subduction Zone

The structure of subduction zone with its various mechanisms is presented in 

Figure 9. When a lithospheric plate pledges with inclination beneath another plate along 

a subduction zone, the point of contact where the bending of the subducting slab from a 

horizontal to a dipping position arises is known as a trench. During the process of 

subduction, the surface of the down going plate shears against the edge of the overriding 

plate. The shearing leads to scrapping off materials from the down going slab onto the 

overriding plate producing an accretionary prism or wedge (Hamilton, 1998). The 

Benioff Zone is a planar trend of earthquakes along the upper boundary of subducted 

slab. The wedge shaped mantle that lies in - between the slab and the overriding plate is 

called the mantle wedge. When the cold subducting slab comes in contact with hot mantle 

wedge dehydration takes place and fluids are released into the wedge leading to melting 

which generates the volcanic arcs or Island arcs.
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Figure 9: Cross section o f convergent margin between continental and oceanic plates. The trench 
is the broad dihedral angle between the top o f the gently inclined subducting oceanic plate and the 
top o f the accretionary wedge o f mostly, scraped-off trench sediments.. The presence o f a forearc 

basin indicates that the thin leading edge o f the overriding plate was not crumpled during the 
period recorded by basin sedimentation. After Hamilton (1995)

An island arc set up begins on the overriding plate with the forearc (the portion 

of the arc between the volcanic front and the trench is called the ‘forearc’), which contains 

both volcanic rocks and sedimentary rocks derived by weathering of the arc. Behind the 

forearc volcanic runs parallel to the trench at a distance that correlates with the dip angle 

of the subducting slab (Pluijm and Marshak, 2004). The basin behind the volcanic arc is 

called a backarc basin, which is underlain by basaltic oceanic crust and may contain a 

spreading ridge.

Extensional tectonic features are common in backarc environments. The trench 

and forearc realms are characterized by low heat flow because the down going slab of 

cold oceanic lithosphere acts as a heat sink (Pluijm and Marshak, 2004). The volcanic arc 

and the adjacent back arc basin are the areas of with high heat flow, because of localized 

magmatic activity, and mantle convection (Hamilton, 1998).

The accretionary prism or wedge consists of Ophiolites, deformed pelagic 

sediments, and of the deformed trench deposited turbidities. It also contains a special type 

of sedimentary feature, known as Mud volcanoes. Ophiolites represent masses of oceanic
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crust and upper mantle that have obducted on the edge of the oceanic crust, (Dewey and 

Bird, 1971; Coleman, 1977; Nicolas, 1989) that were incorporated into continental 

margins during continent-continent and arc-continent collisions (Dilek and Flower, 

2003), ridge-trench interactions (Cloos, 1993; Lagabrielle et al., 2000), and/or 

subduction-accretion events (Cawood et al., 2009). However, in recent times it has been 

realized that a great majority of Ophiolites form at the subduction zones. Dilek and Fumes 

(2011), categorized Ophiolites into two types; subduction-related and subduction- 

unrelated types. Subduction-related Ophiolites include SupraSubduction Zone (SSZ) 

varieties whose geochemistry is similar to island arc magma. They further divided 

subduction-unrelated Ophiolites in to three types; continental- margin, mid-ocean ridge, 

and plume-type, whose composition usually similar to MORB. Pearce et al. (1984), 

suggested that the SSZ Ophiolites developed during the initial stages of subduction prior 

to the development of any volcanic arc and that the more common mechanism for 

formation of SSZ Ophiolites have been pre-arc rather than back-arc spreading, whereas 

subduction-unrelated types evolve during rift-drift and seafloor spreading.

Sediments are an important constituent in subduction environment. It is the water 

holding capacity of the sediments that makes them crucial for magmatic activity in a 

subduction zone. The dewatering process of sediments along the interface of slab and 

mantle wedge contributes significantly to the melting processes in the wedge leading to 

volcanism on the overriding plate. Jarrard (2003) suggested that addition of less than 1 

% of water can lower the melting point by several hundred degrees of mantle wedge. 

Apart from this the sediments are the ultimate sources of many of the unusual enrichments 

and geochemical signatures found in arc lavas (Stem, 2002).

In a convergent margin where two oceanic lithospheres are involved the 

descending oceanic lithosphere contributes to melting process in the mantle wedge. These 

melts rise from the point of melting through the overriding plate to form volcanoes just 

behind the leading plate edge. The resulted volcanoes on the overriding plate occur in a 

series of volcanoes and make a chain of volcanic islands forming an arc shaped chain, 

popularly known as “Island Arc’. In the globe there are many such boundaries have been 

recognized: e.g., the islands of Japan, Aleutian, Mariana, and Lesser Antilles. Island arcs 

are generally 200 to 300 km wide and can be several thousand kilometres long.
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2.1.2 The Andaman Subduction Zone

The Andaman subduction zone is one of the most seismically active and young 

subduction zones of the globe. This subduction process gave rise to the Indonesian Arc 

system which includes the Andaman and Nicobar Islands (Figure 10). The subduction, 

all around the western Sunda arc, began during Miocene times and onland emplacement 

of Ophiolites took place during terminal collision in Oligocene. A second trench further 

east of the present trench with a protocontinent was assumed. Also, Cretaceous Ophiolites 

and Eocene sediments were considered as a part of this accretionary prism related to 

second subduction margin and believed to have subsequently emplaced on E - W 

propagating allochthonous nappe sheets on present subduction margin. The Andaman 

subduction zone is one of the few accretionary convergent margins where all the 

important components of a convergent margin are exposed and are available for scientific 

scrutiny. These include a trench, an outer arc accretionary prism, a forearc, a volcanic 

arc, a back arc basin,etc etc.
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Figure 10 Structure o f Andaman Subduction zone
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2.2 GEOLOGICAL SETTING

The tectonic evolution of Andaman and Nicobar Islands has been modelled 

on the basis upon three components such as i) tectonic features recorded from the Sea 

floor (Curray and Moore, et al., 1982). ii) seismic records (Dasgupta and 

Mukhopadhyay, 1993) and iii) regional correlation of tectonic elements of the 

eastern part of the Himalaya (Sengupta et al., 1990). The temporal history of 

subduction in this part (central part of Sunda arc) has been a matter of debate. 

There exist two schools of thoughts. The first school (Acharyya et al., 1990; Sengupta 

et al., 1990) argues that the present subduction began, all around the western Sunda 

arc, during Miocene times and emplacement of Ophiolites on land took place during 

terminal collision in Oligocene period. In that model the existence, a second trench 

was located further East of the present trench with a proto continent was presumed. 

Also, Cretaceous Ophiolites and Eocene sediments were considered as a part of this 

accretionary prism related to second subduction margin and believed to have 

subsequently emplaced as allochthonous nappe sheets propagating E to W on the 

present subduction margin. Thought of the second school is based on the presence of 

melange and the highly deformed sediments. These authors suggest that the onset of 

subduction took place during Late Cretaceous times, after the early break-up of the 

Gondwanaland during Cretaceous (Curray and Moore, 1979; Karig et al., 1979) or from 

Late Palaeozoic period (Hamilton, 1979; McCourt et al., 1996).

The stratigraphy of the Andaman and Nicobar Islands are classified into four 

lithostratigraphic groups: (a) Ophiolite Group, (b) Mithakhari Group, (c) Andaman 

Flysch Group and (d) Archipelago Group (Figure 11) (Table 2)

2.2.1 Ophiolite Group

The Ophiolite group forms the basement of the Andaman Islands, a part of the 

Indo -  Burma accretionary complex. It contains numerous N-S trending slices of 

Cretaceous -  Palaeocene. Although the occurrence of Ophiolites in every part of 

Andaman group of Island, but large volume of mantle sequences are exposed in South, 

Middle and North Andaman (Pal et., 2003). The age of Ophiolites is younger than ~ 95Ma 

(Srinivasa Sarma et al., 2010, Pederson et al., 2010). The similarity in age between the 

Troodos, Oman and Andaman Ophiolites seems best explained by a supra subduction
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zone origin (Pal, 2011). The Ophiolite sequence comprising tectonite (ultramafic)- 

cumulate (layered mafic and ultramafic) plagiogranite-diorite suite-basalt-pelagic 

sediments, is identified as fossilized oceanic crust (Gass, 1990). The Cretaceous age of 

the Ophiolite succession is indicated by the foraminiferal assemblage of pelagic 

sediments (Roy et al., 1988). The metasediment and metabasalt units associated with 

Ophiolites (either at their sole or as caught-up patches) are related to the emplacement 

history of the thrust slices (Pal et al., 2003). The Ophiolites are present as dismembered 

slices and interleaved with Ophiolite-derived clastic sediments.

2.2.2 Mithakhari Group

The thickness of this sedimentary unit is ~1.4 Km, and is divided into three 

formation (Ray, 1982): i) the Lipa Black Shale, ii) the Hope town Conglomerates and iii) 

the Namunagarh Grit. The Lipa black shale is a minor unit with very limited exposures. 

The Mithakhari Group, represented by lensoid conglomerate and sandstone beds with 

dominantly shale facies, are interpreted as trench sediments (Chakraborty et al., 

1999).The Mithakhari group exposed in the Andaman Islands particularly in North and 

Middle Andaman. A number of mud volcanoes occur in the Middle and North Andaman 

Islands in shale (Figure 12) facies of the Mithakhari group.

2.2.3 Andaman Flysch

A thick sedimentary pile of sandstone and shale representing clastic turbidites 

forms the Andaman Flysch Group. The Andaman flysch group along with the 

Archipelago group are deposited in a forearc environment. The Andaman flysch group 

overlies the Mithakhari group and underlies the Archipelago groups. The Andaman 

flysch group is a siliciclastic turbidite sequence which is completely exposed in South 

Andaman. The total thickness is only 250 -  300m.

2.2.4 Archipelago Group

The sedimentary sequence of the Archipelago Group comprises a thick pile of 

pyroclastic deposits, limestone, sandstone and shale. Archipelago group represents the 

topmost stratigraphic unit of the Andaman accretionary prism. These sedimentary rocks 

covered most of the Andaman group of Islands. Due to uplift and erosion, these 

sedimentary deposits were eroded associated smaller islands, east to South Andaman,
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these sediments are exposed. The age of this group in the range of 18.3 -  15.6 Ma (Early 

-  Middle Miocene).

I •••• 1 MithakhanGroup : Eocene
Qohiolile Group . Cretaceous

Figure 11 Distribution o f rock types in Andaman Islands
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Table 2 Generalized stratigraphy o f Andaman Islands (Allen etal 2007, Pal, 2003)

Tectonic setting Age Stratigraphic
unit

Lithocharacters Palaeocurrent
direction

Forearc Pliocene (cf. ray, 1982) Archipelago Interbedded East, west and

Miocene (Chatteijee, 
1964)

group (400 m sequence of tuff, majority in
thick) limestone, 

sandstone and 
clay (limestone is 
hiothermal and 
biostromal)

southwest

Upper Eocene- Andaman Interbedded Northeast,
Oligocene

(Pawde & Ray, 1963) 
Oligocene-lower

Miocene (Present work)

Flysch Group 
(300 m Thick)

sequence of 
sandstone, 
siltstone and 
shale

southwest and 
majority in 
southeast

Trench -  slope Middle to late Eocene Mithakhari 
Group (1400 m 

thick)

Conglomerate, 
sandstone and 
shale

Northwest; a few 
show northeast -  
southeast trend

Accretionary Cretaceous to Ophiolite Metamorphic,
slices Paleocene

Early Cretaceous 

(Jafri, 1986)

Group tectonites, 
cumulates, 
plagiogranite- 
diorite-andesite 
suite, basalt and 
pelagic sediments
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Shale

!lj Exposure Gap

Graded matrix supported
Conglomerate 

( iraded Pebbly sandstone

Massive Thick bedded sandstone

Fine sheeted sandstone

Chaotic Debris Flow

Coal

Figure 12 Stratigraphic log o f Mithakhari sediments o f Middle Andaman

2.3 EVOLUTION OF ANDAMAN ISLANDS

Cretaceous period - Initiation of oblique subduction of Indian plate below 

Southeast Asian plate recorded in the west of Andaman Islands. As a result of subduction, 

Formation of Ophiolite involving crustal mantle processes. Ophiolite (ocean crust) was 

scraped off in the subducting slab and emplaced as a thrust slice. Due to continuous 

subduction, a sequences of thrust slices of Ophiolites are emplaced. (Moore, 1984).

\

Late Cretaceous to late Eocene -  Mithakkari group of rocks are bared out in the 

Early Eocence age for the trench slope deposits. The sedimentary characters are in the 

ages i) depositional strike was changed by rapid facies ii) deposits of coarse of grained 

deposits such shale, conglomerate iii) active thrust fault are bounded between in the
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trench slope situation. Continues emplacement of Ophiolite along N-S-trending E- 

dipping thrusts faults. Deposition of Ophiolite-derived elastics and trench sediments 

representing Mithakhari Group basin of outer arc region. Formation of accretionary prism 

in compressional regime by the tectonic slices of Ophiolite and Mithakhari sediments 

through accretion process. Development of back thrust and sequence thrust to maintain 

the slope stability of prism. Such sediment recycling are replicated in the coarsening and 

thickening of upward progress of lithofacies. With continuing subduction zone these 

sediments have been dragged beneath accretionary prism leading to compaction and 

expulsion of large amount of pore fluids. Such pore fluids expulsion through fault/ 

fracture systems may be the direct evidence for the formation of active mud volcanoes 

and diapers.

Oligocene - compressional regime are change and extended to extensional regime 

at the rear of wedge. Forearc basins formed through E-W- and N-S-trending strike-slip 

and dip-slip faults respectively. Siliciclastic turbidites are deposited in Andaman Flysch 

Group of forearc region. Due to continuous depositions normal and strike-slip Faults are 

evolved.
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Mio- Pliocene -  deposition of subaqueous pyroclastic flow in the form of ash 

turbidites alternated with siliciclastic turbidite in lower part of Archipelago Group in 

forearc region. Carbonate turbidites are changed from siliciclastic along with pyroclastic 

flow deposit in forearc region. Carbonate turbidite is dominant in upper part of 

Archipelago Group and leads to deformation of plunging folds.

Figure 13: Evolution of Andaman Island

Stratigraphic Unit IN D E X  Nature of Rocks

Arc.hipelqgo Group 

Andaman Flysch Group

Mithakhari Group 

Ophiolite Group

Carbonate Turbidite 

Ash Turbidite + Silici 

Siliciclastic Turbidite 

Shale Facies 

Sandstone Facies 

Conglomerate Facies 

Ocean Crust 

Thrust

Pliocene to recent - Formation of conglomerate, shell to limestone, and create volcanism 

of Barren and Narcondam Islands in inner arc region due to magmatic activity.

2.4 STRUCTURE AND TECTONICS OF THE ANDAMAN AND NICOBAR 

ISLANDS

The Andaman and Nicobar ridge are the main feature of the Andaman forearc, 

where the oblique subduction of Indian plate beneath the Burmese plate is continuing. 

The main elements of the forearc are the accretionary prism and outer arc ridge, a series 

of forearc basins and major N-S faults. The accretionary prism is an imbricate stack of 

fault slices and folds consisting of Ophiolites and sediments (Roy, 1983). The western, 

outer slope of the accretionary prism is very steep, rising from depths of 1500-2000 m 

within a distance of 30 km. There is a difference in the short wavelength morphology 

between the western and eastern portions of the accretionary prism. The outer portion 

consists of a series of faulted anticlines and synclines with amplitudes of a few 100 to ~ 

1000 m and widths of 5-15 km resulting from ongoing deformation of the sediments 

(Curray, 2005). The inner portion is smoother with lower slopes and forms a strong 

backstop. The width of the deforming portion of the accretionary prism narrows from 80 

to 100 km in the south to about 40 km between 10° N and 11°30' N. It remains at about
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40 km to ~ 14°40' N. North of there, the inner trench wall becomes a single steep slope 

up to the Myanmar shelf (Bilham, 2005).

The eastern edge of the outer arc ridge is fault bounded and north of the Nicobar 

Islands, a forearc basin is located immediately to the east. A deep gravity low with very 

steep gradients lies directly over the forearc basin (Cochran, 2010). The West Andaman 

Fault (WAF) and/or the Seulimeum strand of the Sumatra Fault System form the 

boundary between the Burma and Sunda plates south of the Andaman spreading centre. 

The WAF is the most prominent morphologic feature of the Andaman Sea and divides 

the sea into a shallow forearc and a deeper backarc region (Curray et al., 1979). The 

Diligent Fault runs through the forearc basin east of Little Andaman Island. Although it 

has the general appearance of a normal fault, multichannel seismic data show that it is a 

compressional feature that probably resulted from deformation of the hanging wall of the 

Eastern Margin Fault (Kamesh Raju et al., 2004)(Figure 14). This could occur if the 

forearc basins were formed by subduction erosion of the underlying crust rather than by 

east-west extension (Cochran, 2010). Andaman forearc is a zone of high compressional 

stress and high seismicity and the mud volcanoes of the forearc are a result of such 

activities.

The motion of the Sunda forearc (sliver plate) is not known well, particularly in 

the Andaman section, and hence the subduction vector is highly uncertain. Earlier 

estimates of the relative motions assuming a rigid forearc sliver plate failed to predict 

convergence in the Andaman section of the trench, which probably indicates, as is now 

accepted, that there is extensive internal deformation within the forearc. In the present 

study we have studied these features to understand their origin and relationship to the 

fluid activity in the forearc region.
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GEOLOGY OF ANDAMAN ISLANDS

Figure 14 Generalized tectonic map o f the A&N islands and the adjacent region. The 

thick line with triangles marks the Andaman-Sunda trench the subduction zone 

between the Indian plate and the Burmese/Sunda plate_. The thick line without 

triangles marks the Sumatra fault system and the Andaman spreading center. The 

white arrow shows the direction o f the movement o f the Indian plate.
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Important Tectonic elements o f the Andaman Sea and northern Sumatra are:

Several prominent faults trending N -  S and NE -  SW, such as Eastern Margin 

Fault, Diligent Fault and West Andaman Fault from west to east traverses the entire 

system, some of the other tectonic features across the E -  W direction are Sunda -  

Andaman Trench; the Andaman -  Nicobar group of Islands trending in N -  S direction.; 

Eastern Margin Fault (EMF) transient through Andaman and Nicobar Islands; West 

Andaman Fault (WAF) and Seulimeum (SEU) Fault system joined together to Sumatra 

Fault System (SFS) in Sumatra region; Mergui Ridge and Mergui basin are situated NE 

of Sumatra region. West Basin is located in NW of Alcock Rise and East Basin is on the 

East of Sewell Rise. Sagging Fault is passing through the spreading center of the Central 

Andaman Basin and ends at the invisible bank which is trending NS direction of volcanic 

arc. Central Andaman basin developed between Alcock Rise and Sewell Rise. (Figure 

15)

Figure 15 Tectonic elements o f Andaman Islands and adjacent areas
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