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Morphometric analysis of Barren
volcanic base and associated tectonic
elements in the Andaman fore-arc
sub-basin
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Although many studies have been undertaken on the
Barren Island, the undersea configuration of the Barren
Island Volcano (BIV) and associated morphotectonic
elements, the modification imparted on them by the
recent flows and the morphology of these flows are
still poorly known. The present study identified thick
lava flows along the western and southwestern slopes

*For correspondence. (e-mail: saajuvarghese@gmail.com)

694

of Barren Island, extending up to the base of the
Invisible Bank. The feeding locales for these thick
flows are numerous parasitic cones picked up in the
3D grid model generated by the multibeam echo
sounder. Morphology of the Barren volcanic base is
largely modified by recent eruptions as they not only
reduced the steepness of the Barren Volcano along the
western slope, but also extended the base of the Barren
Volcano to the base of the Invisible Bank. Further-
more, the present study also brought out other mor-
photectonic elements surrounding the BIV, viz. Alcock
seamount towards the southeast, Invisible Bank flanked
by west Andaman Fault in the west and a newly iden-
tified submarine volcanic mount as part of the Anda-
man Volcanic Arc towards the south.

Keywords: Alcock seamount, barren volcano, geomor-
phology, west Andaman Fault.

BARREN Island Volcano (BIV) is India’s only active
volcano lying about 135 km ENE of Port Blair within the
exclusive economic zone (EEZ) of India. After 150 years
of quiescence, it became active for five years from 1991
to 1995. BIV became active once again after a gap of 12
years on 28 May 2005. Being a part of the Neogene Inner
Volcanic Arc (NIVA), BIV is located in the Andaman
Sea which is a marginal sea on the western side of the
Burmese continental mass marked with an oblique back-
arc spreading centre'?. Pal er al.® described the geology
of the BIV with excellent descriptions, analyses and in-
terpretations. This belt can be traced from the Central
Molasse basin of Myanmar, through the Narcondam and
BI into the structural trend of Sumangko rift zone, along
the volcanic Barisan range axis of northern Sumatra®
(Figure 1). Other important tectonic elements in the An-
daman Sea are the Invisible Bank (IB), Diligent Fault
(DF) and West Andaman Fault (WAF). IB is formed by
thick lava flows overlain by sedimentary rocks of Middle
Miocene extending to the east of Andaman and Nicobar
Group of Islands, whereas DF and WAF form the western
and eastern margin towards the northern part of the
Andaman Sea respectively””.

No attempts have been made so far to understand the
undersea configuration of the BIV and associated morpho-
tectonic elements. Furthermore, understanding of the
extent of recent flows and their morphology is of para-
mount importance for understanding the evolution of the
BIV. In addition, the disposition of other morphotectonic
elements around the BIV is not yet understood in detail.
With these objectives in mind, a full-fledged cruise SM-
220 was mounted on-board RV Samudra Manthan to ob-
tain the 3D sea-bed morphology of the Barren volcanic
cone and associated geomorphic—tectonic features in the
Andaman Sea. To bring out the undersea configuration of
the Barren Island (BI) and surrounding morpho-tectonic
elements, multibeam swath bathymetric survey was car-
ried out in an area 5080 sq. km around Barren Island with
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water depths 50-2350 m. The morphometry of the geo-
morphic and tectonic features like the ‘Western Ridge’,
‘South-Western Ridge’, WAF, Alcock seamount, sub-
marine volcanic plug and the base of the BIV with
inclined/parasitic vents has been brought out in detail by
multibeam echo sounder survey (MBES; Figure 2 b).

A SeaBat™ 7150 (RESON) ultrahigh-resolution
focused MBES system mounted on the hull of RV
Samudra Manthan was used for the present survey. It
operated at a frequency of 12 kHz for water depths greater
than 1300 m and 24 kHz for water depths less than
1300 m. The projected arrays generate a single transmis-
sion with an along-track width of 1° and an across-track
width of 150°. The transducer of the RESON SeaBat™
7150 generates and transmits a sway of sound beams
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Figure 1. Tectonic map of the Andaman Sea with the location of
Barren Island.
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(256) down the water column, across the navigational
tracks, whereas the transceiver unit of SeaBat™ 7150
receives beams reflected from the sea bed. In turn, the
PDS 2000 software, installed in the acquisition unit, col-
lates the bathymetric data with other relevant data input
like positioning data, external clock and compass data.
The DGPS MAX differential global positioning system
interfaced with the acquisition unit was used to provide
positioning data of ship to PDS 2000 software to collate
the data with multibeam bathymetric data. An
OCTANS™ surface gyrocompass and motion sensor was
employed to provide true-heading, roll, pitch, yaw, heave,
surge, sway, rate of turn and acceleration of the vessel,
even in highly volatile environment. For the focus-
forming process of the receiver beams as well as the con-
version of measured return ping times into distances, a
SVP™ 70 (RESON) sound velocity probe (SVP) was
mounted close to the hydrophone. The SVP measures
sound velocities in the range 1350—1600 m/s, with a reso-
lution of 0.1 m/s and an accuracy of + 0.25 m/s. The
bathymetric data from RESON SeaBat™ 7150 were proc-
essed using PDS 2000. The bad depths (i.e. outliers) in
the georeferenced multibeam original (raw) data were
detected rationally and cleaned manually on PDS 2000 to
prepare an unbiased seabed topography®. Using these
manually edited data, 3D grid model of topographic sur-
faces was developed with pixel size 75 m. The survey
layout consisted of long east—west traverses of 13 lines,
north—south traverses of 30 lines, 32 cross lines and 6
straight lines with 4 circular traverses. Detailed profiles
from the results are shown in Figure 3 a—c.

The present study shows that the base of BIV lies be-
tween 1876 m and 2363 m water depth. It has a maximum
length of 33.7 km along N-S direction and minimum
length of 27 km NW-SE direction (Figure 3 a and c).
Profile studies of the bathymetric map (Figure 4) gene-
rated revealed that the circumference of the base of BIV
on the seafloor varies from 87.79 to 112.85 km and the
slopes are steeper in NNE and SSE directions. A few
small, submerged elevated mounts scaling from 30 to
750 m high, are seen on the western, southwestern and
southern submarine slope of the BIV (Figures 2 b and 5 c,
d). Down the slope, these N34°E (at the summit) to
N18°W (down the slope) ridges coalescence, thereby
increasing the base width. The west-northwestern flank of
these ridges is steeper than the east-southeastern flank at
the summit, and down the slope gradient steepness
reverses in both flanks. Further, the summit of all these
ridges and its bifurcations exhibits a triangle faceted
form.

In the present study area, the ridges observed to the
west and southwest of Barren Island are identified as
eastern and northeastern extensions of the IB, called here
as ‘Western Ridge’ and ‘South-Western Ridge’ respec-
tively (Figure 2 b). The Western Ridge trends 9°N-12°E
and in the far southern end, the trend of this ridge
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Figure 2.
submarine geomorphic features around the Barren volcanic base.

changes to N35°E. It rises about 1104 to 1880 m above
the seafloor and the width of the base of the ridge varies
from 19.57 to 22.22 km, whereas the width at the peak
varies from 761 to 5926 m (Figures 2 b and 3 ¢). The ESE
(99°) sloping flank is steeper than the WNW (279°) slop-
ing flank at the summit and becomes gentler at the base.
In addition, the ESE sloping flank is characterized by the
presence of submarine channels (Figures 2 » and 5a). On
the other hand, the WNW sloping flank maintains almost
a constant gradient from summit to base. The ‘south-
western ridge’ has two segments. The northern segment
shows a N45°E trend and the southern segment a N10°E
trend. The base of the northern portion lies 8.49 km away
from the base of the BIV on the seafloor with a basal
width of 14.62 km; height up to summit (located at a
water depth of 761 m) from ocean floor is 1557 m (Figure
3b). A NS55°E trending valley which separates these
ridges, located to the west of the Barren Island, is
10.12 km wide and 759 m deep. From the 3D grid model
generated, it is evident that the recent flows extended up
to the base of the IB.

In the study area, the northern extension of the Alcock
seamount is located around 30.46 km away from the sum-
mit of the Barren Island in S59°E direction. The Alcock
seamount is manifested in the form of isolated ridges
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a, Location map of the study area around Barren Island, Andaman Sea. b, Interpreted 3D grid model of the seafloor depicting

(three within the study area) trending in NNE-SSW
direction with flat submarine plateau top. On the southern
side, the basal width of Alcock seamount varies from
6466 to 10,366 m as it rises from water depth 2297 to
1389 m. A N30°E trending ridge of Alcock seamount
with flat plateau summit can be seen in the SSE direction.
The configuration of Alcock seamount reveals that its
southern and western flanks are steeper than those of the
northern and eastern flanks (Figure 3 ¢). In the western
margin of Alcock seamount, runnels and incisions are no-
ticed.

A submarine volcanic mount has been observed 38 km
south of Barren Island at 2274 m water depth (Figures 2 b
and 3 a). It is a steep mount scaling to 1712 m height with
its summit at 238 m water depth (Figure 3 @). The gradi-
ent of its flank from the summit to the base is steeper on
the northern side and varies from 24.64° to 29.7° in all
other directions. Its base radius varies from 3.95 to
8.77 km and its base circumference ranges from 24.78 to
55.13 km.

In the geomorphologic context, previous studies’ ’
described BIV as a roughly circular island with a diame-
ter of ~3.2 km, without giving much information about
the undersea nature of the Island. The present study
shows that the base of BIV island is located at a
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Figure 3. Bathymetric profile along N-S direction (a), NE-SW direction () and NW-SE direction (¢) across the Barren Island.

maximum depth of ~2400 m with a maximum diameter of
36 km in the N-S direction. Three-dimensional grid
model of the region shows that a large part of the volcano
is submarine, suggesting much of the eruptive history of
the volcano is submarine in nature. A few small mounts
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on the western, southwestern and southern submarine
slope of the BIV island are formed as parasitic cones
associated with the recent volcanic eruptions. These para-
sitic cones are apparently the sites for submarine volcanic
eruptions, which are completely absent in the eastern and
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Different views of the Barren Island base and other tectonic features around Barren Island: a, Eastern and

northeastern extension of Invisible Bank; b, Submarine volcanic plug and Alcock seamount; ¢, Ridge formed by parasitic

cones; d, Numerous parasitic cones.

northern flanks. Furthermore, because of the presence of
these recent submarine volcanic activities along the west-
ern and southwestern slopes'’, base of BI is extended
more in these directions and the slope is considerably de-
creased along recent flow direction, as is evident from the
profile studies. In addition, much farther dispersed sub-
marine volcanic activities have led to the development of
gentler slopes at the base of BI, which otherwise is char-
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acterized by steeper ENE flank. Although it is identified
that the eruptive style of the volcano was primarily of
Strombolian type, such an extension even up to the base
of the IB suggests a Plinian type of eruption under the
sea''. Sheth et al.’ described the BIV flows as signifi-
cantly cooled, highly crystallized and viscous with low
pace of movement and continuous supply of lava. Hence,
the extension of such slow-moving flows up to the base
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of the Barren Island indicates large feeder systems such
as the parasitic cones and continuous supply of lava from
these parasitic cones below the sea during the recent
eruptions. Furthermore, the abrupt fall on the eastern side
of the IB is explained by the presence of WAF. A newly
identified submarine mount, south of the BI, is
associated with the volcanic arc in the Andaman Sea. In
addition, the close relationship of the newly identified
submarine volcanic mount and BIV is established,
because of its proximity to the parasitic cones. Hence, the
parasitic cones on the southwestern and southern subma-
rine slopes and the submarine volcanic mounts are deve-
loped in association with the recent eruptions in 2005 and
2009. Unlike BIV island, other associated morphotec-
tonic elements in the present study area, viz. IB and Al-
cock seamount are flat-topped. Furthermore, the slopes
facing the Barren Island are characterized by submarine
slides, which are completely absent on the other slopes.
Although detailed studies are required to constrain the rea-
sons for explaining the presence of submarine slides, it is
possible that they may be related to the recent eruptions.

The present study revealed the changes in the configu-
ration of the base of BIV. Effects of recent flows on BIV
under the sea are deciphered in the form of thick flows
along the western and southwestern slope, extending even
up to the base of IB. Furthermore, development of para-
sitic cones and a newly identified submarine volcanic
mount in the present study area also indicate the subma-
rine volcanic activities associated with BIV. Develop-
ment of numerous feeding sites as expressed in the form
of parasitic cones provided huge volume of lava, which in
turn pushed the flows to the base of IB. These recent
flows reduce the steepness of BIV in the western slopes.
This implies that the morphology of the Barren volcanic
base is largely modified by the recent eruptions. Further-
more, it is also noteworthy that other morphotectonic
elements surrounding the Barren Volcano, viz. Alcock
seamount and IB are flat-topped, stable features unlike
the BIV.
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Soil profiles are rarely preserved in the Himalaya due
to active tectonics and erosion. We have studied two
rarely well-preserved soil profiles developed on
metavolcanic rocks namely Alaknanda soil profile
(ASP) and Bhilangna soil profile (BSP) in Alaknanda
and Bhilangna watersheds of the Garhwal Himalaya.
Geochemical studies were carried out to understand
the elemental mobility with reference to the least al-
tered rock (LAR) in both the profiles and are com-
pared. Differences in major element behaviour noticed
are depletion of Ca and K in ASP, and depletion of Ca
and Na in BSP. Trace elements also show variable
mobility such as leaching of Rb, U and enrichment of
Sr, Ni in ASP. In BSP, behaviour of these elements is
just the opposite. Accumulation of 2 REEs in saproli-
tic layer and depletion in regolith of ASP suggest that
rare earth element (REE) mobility took place during
advanced stages of weathering. In BSP, increase
in REE content from LAR to regolith suggests
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