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About Jividha

Jividha is a registered trust under Bombay public trust act
(Maharashtra/38/2007) and society registration act (F23934Pune) working
since2007 in the area of environment education for human well-being with ecological

sustainability.

Jividha does lots of activates related to “Geo Sciences”. Once in every year
Exhibition on occasion of “ International Earth Science Week” is offered by the

organization for the masses.

Certificate course on “Introduction to Earth Sciences” is developed for all age
group people. Itis a comprehensive course to build perspective on various aspects
of Geography, Geology and environment. This holistic approach also included series

of lectures, films and , field visits.
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GEOCONCEPT

NON LIVING RESOURCES OF OCEANS - (2)

Dr. Anup R. Gujar,
Ex. Chief Scientist CSIR
National Institute of Oceanography, Dona Paula, Goa 403004 .

MINERAL RESOURCES OF THE CONTINENTAL MARGIN.

These resources comprise of 3 components — Phosphorites, Oil and Natural

Gas and Gas Hydrates.

PHOSPHORITES: They occur in the areas of Continental Margin, mainly on
open sea mounts, in the depth range of 1000-1200m. They are also found in the

carbonate islands and coral reefs surrounded by lagoons and marine lakes.

Phosphate is present in the form of minerals like fluorapatite, apatite,
hydroxyapatite and francolite. Sometimes the bone fragments of the marine animals
also get phosphotised. Usually they are associated with glauconite and shells of
mollusca. The primary source of phosphorites is from shells and the degradation of

organic matter associated with microbial communities.

The phosphorus accumulation on the ocean floor occurs from precipitation,
dust accumulation, glacial and river runoff, cosmic activity, underground
hydrothermal activity and deposition of organic matter. The main inflow of
phosphorus is from the continental weathering brought by rivers into the ocean. This
phosphorus is processed by macro and micro organisms and various planktons. The

bones and the teeth of certain types of fishes absorbs the phosphorus and latter it is

deposited or buried in the ocean sediments. Further, depending on
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the pH and the salinity level of the sea water, this organic matter will decay and

release the phosphorus from the sediment into the basin and thus get deposited.

Depending upon their types of deposition, phosphorites are classified into
Phosphate Nodules and Bioclastic Phosphates.

<h

S

Bioclastic Phosphate Phosphate Nodule

USES OF PHOSPHORITES :

Phosphorites are widely used for the production of the fertilizers, animal feed
supplements and also in chemical industry. Rare Earth Elements (REE) are also
found in the phosphorites. These REE’S are extracted from them by advanced
technology and then used for various applications. Thus phosphorites are considered

as one of the valuable resource from the Ocean.
OILAND NATURAL GAS

It is one of the most valuable resources available from the Ocean. This strategic

©AIll rights reserved by Jividha, Pune



G EUSPH ER E A Geoscience activity by JIVIDHA, Pune
N A Free online periodical Issue 4 - Vol - 1/ August 2020

=

JIVIDHA

resource has accelerated the pace of the economic development of the nations

throughout the globe.
FORMATION:

The Oil and Natural Gas is organic in origin, whose formation begins from the
marine fauna and flora. Over million years ago, during their life cycle, these plants
and animals absorbed energy from the sunlight and stored it as carbon molecules
within them. After their life cycle was over, they got settled to the bottom of the sea.

This process continued for many years and they got buried under sediment cover,

Petroleum and natural gas formation

Tiny marine plants and Owver millions of years, the Today, we drill down through
animals died and were buried remains were buried deeper layers of sand, silt, and rock
on the ocean floor. Over and deeper. The enormous ta reach the rock farmations
time, the marine plants and heat and pressure tumed that contain il and natural
animals were covered the remains into il and gas deposits.

by layers of silt and sand. natural gas.

water
100 million yaars ago

ot sand, silt,
gt and other rock

sand and silt

plant and animal remains

Soirce: Adapted fom National Energy Education Development Project (pubslic domain

deep and deeper, where pressure and heat was more. This high pressure and heat
changed the in trapped carbon (from the remains of plants and animals) and
hydrogen rich material into coal, oil and petroleum and also some partinto natural gas

due to very high temperature.
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After its formation, some portion of oil and natural gas migrated to the
surrounding rocks, and sometimes even to its surface, whereas the remaining oil and
gas got trapped between impermeable layers of rocks/ sediment/ clays. These
trapped deposits result in oil and natural gas. (Ref: Adventures in Energy,
https://adventure in energy.org.) and U.S. Energy Information Administration,

www.eia.gov.energy explained.
COMPOSITION:

Oil and natural gas contains many compounds as it is a fossil fuel. The largest
component in natural gas is Methane(which is a compound of 1 atom of carbon and 4
atoms of hydrogen ie. CH4). It usually contains ethane, butanes and pentanes.
Besides this, it also contains hydrocarbon gas liquids and non-hydrocarbon gases

like carbon dioxide and also water.
OCCURRENCE OF OILAND NATURAL GAS::

In general, the natural gas is located in the large cracks and spaces between
the rock formations. This type of gas is called as the Conventional Natural Gas.
Besides this, it also occurs in small pores, interspaces between grains within
sedimentary formations like shale and sandstone. This type of natural gas is known
as Shale Gas, or Tight Gas or Unconventional Gas.It also occurs with the deposits of

Crude Oil and is called as Associated Natural Gas.

In India, gas deposits are on land (eg. Ankaleshwar in Gujrat) and some are in
the offshore and deep under the sea (eg. Bombay High, Hazira off Mumbai and

Gujrat).
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A type of gas is also found in the coal deposits and is called as Coal Bed Gas. For

exploring these deposits, deep seismic surveys are conducted by air gun system.

During the processing of natural Gas, water vapor and hydrocarbon compounds like
sulphur, nitrogen, helium, etc. are removed , and ethane, propane, butanes, are
separated and then it is used for various purposes. (Anon, 2019, U.S.Energy

Information Administration EIA.).

The crude oil, which is recovered from the beds, is processed in the refinery. In the
refinery the different components are separated and then they are grouped into 3

categories :

1. Light Distillates — Liquified petroleum gas, naphta and gasoline.
2. Middle Distillates — kerosene and Diesel.

3. Heavy Distillates — Fuel oil, Lubricating oil, waxes and tar.
These products are familiar for its various consumer applications.

GAS HYDRATES :

Gas Hydrates are ice like crystalline minerals, that form when gases like

methane, ethane or carbon dioxide combines with water and freezes into solid, under

lypes ot meth hydrate dep
Arctic methane hydrat

deposits above an
below lower limit

Methane Hydrate on fire
low temperature and moderate pressure conditions. Since most of the gas hydrates
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are formed from methane, so they are usually referred as gas hydrate or methane
hydrate. These gas hydrates occur naturally in some marine sediments within and

beneath the permafrost.
2 methods are followed for the detection of gas hydrates.

1. Direct sampling with the help of deep cores.
2. By bottom simulating reflector (BSR) identified from seismic reflection data.

IMPORTANCE:
Gas Hydrates are important due to the following reasons :

+ They contain approximately twice the carbon contained in all the oil reserves of

coal, oil and natural gas combined together.

+ After decomposition, they release large amount of methane, which is a greenhouse

gas and that canimpact the climate.

+ Sudden release of methane gas (which is under pressure) can cause submarine
landslides and can thus trigger into a Tsunami. (Ref: Ocean Exploration and

Research).
OCCURENCES:

The occurence of gas hydrates in India are second largest in the world, after USA.
Krishna-Godavari basin, Cauvery basin and Kerala basin can contribute nearly 100-
130 trillion cubic feet of the estimated reserves. Studies in these areas are underway
by ONGC, with the collaboration of. U.S. Geological Survey and Japanese Drilling

Company. The modalities of its exploitation are being worked out by them.
These Non Living Resources are a boon in an era when the Living Sources are

depleting at fast rate.
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GEOTECHNIQUE

Great Triangulation Survey of India
"HRAT faoerc Brolvifdrdia Jdgor
2T, Sftehid Teient

HUT VAT USTE (Revenue ) ST ARITETST ST T/t o ITRRIIIUT SRATUM

(Topographic) TohTRT STk FAEIT & SHTUATAT HEA e [T IeIUTTH T Feiafurren Sehed 10
TfeT 1802 a1 feareft S e shuridicet ueh Trarees el foferam wirere Fi-t e shefl. i< STfeepil
Sifot Gegtee FiHt i wel STtk fea ATthd e JeiT. Y& care shr A Thie of i+t Urfeet AT 1861 et S
SATRT T T quTeaT e,

IRAT TR TSTTeRT BTHTSATEAT HHT Tareh! FL0f STTT FeATeRITd e HISE TeatEe, 2 AT shiesi
Temari=ht S=it okt Aot & TercaTel SfeE BT, AT ToheuT= SORET 3T IS BRI FTe. TH 3TES

TT=AT =TT (Arc) “Heh HISHTT S0TelT e id qfeell Saed Jid FRTEAT0T quf SHTdT HTAT. Sharr=al
BTeTeTel s e S FHEIATeT ( Theory of Isostasy) WeFehH sfed QUIT-AT SITIONG A ferdTTet=r (Geodatic
anomaly) Tkt IGRICTE! aTHeS HIST Hed B1% Ihetl.

FrpoTii i T g1 fSaRToTiHT STIEur-aT Wkt SR Wa® (Base line) faa=am fasmomers gom

I HISTC! ST ST Tl €T 2 shefl ST, AT Tgefi theh SRR (T Gha = IS AT, Eq HIST
<RIl 3o I for TS et Brehioriird e Tegefia Sefator et Tiet. Hehed T Feud & TS |l e

| 1800 Y oY HAAHERIS STCIcT ARTSA T TSR erirere fofer Sirsie AT WiRdidicl
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WA= HTTe 3Teh FET0T SUCToe] STHVATE TS cAei AT, aTHeS FralTdel dehlet ™ el TSATHTST
o e HqUT ISt Tt Feeror grelt Suars 3ted. 10 Titier 1802 Tsft fererred kot wreterorre
HEATT STl FeheuT=aT GeaTdie HATER o Jefi=a1 7EH (Chennai) ST H oo HTSE AT

e AT 12 TorrT SAtefi= oT I, & AT T W FHiessiiaeh Hisiel e Rl ek Je<aT el

STER LTI SFLHUT SFeTeisl BT, TaL AT 1804 HEl SITTA 59 TIUSHE ST i1 Fefshi hedl. 1806
AT HATR TRAT-ITR T TT TV TS SATAT, SIS Fi+t AT Tl BHRI0THAT et =1 dre@est (32
3Teh TIST) Teeed TR, 1806 A Frenivni=i € HTracs! hisHay 32 STTUT {91 53 ohY I Wid dTefauard
AT, 1808 HeY ot TSITeR Wi, 1809 A fomaieett o UiHTel Wwid ST 1811 e qraT STeiIt 9 STt
et dSTTeRaTeeT faehroft wfetier shesd FehionTdier fiRifsiq Fev aTet Tied. =T hiesid. Agefug,
foret orRie) T forea e <t e, 1822 Wel & WeleTT STelTe o YL 3T TG fauaid e, wirsied FiHt
164342 =@ A= AT foquehedTeiet Hoiaor 83837 TS gaeh! Tl o U1 ohed. el =T Hegie
TSEEe it H 1824 A & WG] Shoh SRTORIq ofl. HEAT=AT HEY TRTIdiet foist 3o et 38400 Fei=i

T 1841 WY SEUGH AT feHTeram=a Riafcteh TeaiiT Saeqorid SHTIS Huard ST,
femTeraTdtet 79 veid e Terhl Huard el ST cmisht 30 FRRei= e e, Rew XV &

HUER i FAEAUTET skl SFETUT AT HeTs - HeTelosa - T T Holafol . ﬁtg,;eehvld‘oﬁ I 1861
T USTTE o Fehle, oISt o el wd aX 1856 Fot Hier i ATt faTeiehie IeT ST UTeheaTd ShITHIT
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Fricl UoetEe AT AT HIBIA Tele Fa oAl IS & HoA&TuT G ohed. STET0T AT I ST, Taid

il Preh1oTiHTer Tegeltal e feig P T SUNT shTdT ST BlT AT Seid FUTE ST, o5 fored i

HEATAT NS 3T THATSIATEE (Theodolite) & ITHTOT AT e FOT o /I IaH St

foreTeaTse aTate e, aTIHHTd T o||<s“|goé HISTHTITETST ST STTOTT-IT ARd o Td TE0T 213 A TH
T TRV AT WTGcod eIt 10T Sh1aH TETE FEUTT T shicssil HudTd SATell o Fei= Iaehorel (Error
correction) i T,

g TgBTET a1 (Curveture), TadioRIcT TcaRTehI=aT THTETHES HicssATel! (T (Plumb line), Teeh
(Pendulum ) Ta EOTY ST , FEEUTEATT St ST €& ST QU e e Breplurii e seeor
e 1T Bse & Tt . IR ereeidiet Seieh Hisar Breptvmear qeedt wrtid 3 e are
IWRTATA AT,

forTTer FehIOTTH T HeraToTia WRATSAT aRIT= HISAT SHTUITER Ho(aful =Te] STEdHTE A8 A8
SRTTE STHEAIT SRR (Topographic) HeaTuTe! =Tefd 1d. 1T fsifexTi=an gu a1 eilean
SeheT=T SATRT SUANT @Y HIST BI. T5iTeRT TSEee, FRARTETST, WRAT=AT STed M= 329
TR o FRTRT ol BId. Soie IMTUT FLUATHIST SAT(0T ST TSTFHRHR FOATETS] T T B IS el

fSITe=T BTHTSIATETETS! AT 86l d SRETUI TehTRT TSR Bd. HATT AT THIRHos AT WRATT TS
TGRS STQTST SATAT B,

1 formrer FrepioTiireter Frequr= YRAT=AT 7= HAT=EIHErE! (Mapping) T AT ST STl
T T bl AT FAAUTETS! et [ Wﬁ'&lﬁ%ﬁ;ﬂrig points) , EER:ICRe) (Bench marks) C‘%Elﬁ
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gt STTeeadTd HTel e HTIATAT ARSI AT fofial waedl ared ATt 2l fadehd @ 378, Haiterd
eheted TrehTuTferelter fsig, sl sie arerd ST Sofet AT Sere@et vl e FehTeria Tiee Sacieel Terdr

AT, HATS SIHATI STAS SFEAT BhITTHATS FeeTuTT= ST edsh Hew & Ueh e T Al Teie

32 SATIOT =it STqUTeh 30T o T TUTeT i Heed TAeTd S0 2T fade T 1R ITeled g

ELICH
gU\TEﬁ.tﬁ. . ( General post office) WW mgﬁwm ( Zero mile stone) 3R, gU\T

STEXTE ~Heh AT TcTeh ST SHTTAT FeRRITE STHV @R 81 Her= 2 fsfesri=an shesid, Taemet

rERIUTTicTe FeEToTT=IT WRT WU SHRUATT ST I,

fsrfeTi=a hiesid ITereha UIee SHTTtE=T STet §Y0T AT T8 THYT 80 HeAT= STTe FTfUd Huard
3T B, AT 32 ST I A ST TATAS AT SIS HRATST T FEU[ ST AT, S A1t w2 &t
HAEUTT=AT PrehIUrSTTATd et Hecar= Fferd {Sehrol Eldl. Jedehrat SATSaTST=a1 fSehruri=f 71d o shret fashmoft
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APPLIED GEOSCIENCE

Revival of Mangrove ecosystems and Khajan lands in Goa

Dr. Pradip Sarmokadam
Member Secretary, Goa State Biodiversity Board,Goa, India.

The coastal State of Goa is vulnerable to climate change not only by virtue of its
location and physiography but also due to the tremendous pressure exerted on its

available resources by tourism industry being a globally preferred destination.

Khazan lands associated with mangroves are unique and vulnerable.
“Khazan” or “Khajan” is a term commonly used in Konkan and Goa for low lying saline
soils along the rivers and coasts. Mangrove ecosystems are both found along the
many stretches of coastal shores as well as riverine banks. Mangroves and
associated species are known to follow the saline water and have shown increased
area covered in khazan lands wherever saline water ingress is found due to breached

bunds.

In Goa, Khajan lands have been reclaimed by the ancestors from the river or
the sea. Network of ‘bunds’ (protective embankments having unique architecture and
made from locally available material including reinforcement)created, protect the
agricultural fields and adjoining the villages from tidal flows. Khazan lands are
protected by two types of bunds — outer bunds along the river or sea and inner bunds
which are either along the creeks or wetlands or ‘poims’ (‘poims’ or ‘poi’ singular is a
water body resembling rivulet or elongated lake located between main river or sea

and agricultural land created to buffer the additional water during high tide and during

©AIll rights reserved by Jividha, Pune
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monsoons from landward side and is regulated by means of sluice gate ). Typical

bunds are seen to have coconut trees on both the sides giving it aesthetic outlook.
In absence of bunds, most of the Khajan lands would have submerged below sea

level during high tide. These khajans are protected by bunds and the water flow is
regulated using sluice gate which is also marvel of ancient engineering. Altogether
bunds, sluice gates and a buffering waterbody between river and fields known as
‘poim’ creates a unique manageable hydrogeological set up and makes khajan lands
suitable for cultivation. More interesting is the sociological mechanism of
management of these hydrological systems embedded in the social and in some

places also religious fabric of the State.

These reclaimed low lying saline lands have high agricultural productivity with

salttolerant varieties or paddy /rice andis alocal delicacy in the State.

The State has about 18,000 Ha. Of Khajans i.e. about 5% of the total
Geographical area of the State. (Source - Dept. of Agriculture - Goa) As land is a
scarce commodity in Goa which is smallest State with just 3702 square kms area. it

cannot afford to lose this land and get it submerged under saline water.

In Goa mangroves are seen standing like guards beyond bund areas and
secure agricultural lands and protect inward lands.The main concern is vulnerability
of low lying areas as per the map released by ISRO and mangroves are first line of

defence alongriverine low lying areas.

Present issues are mainly, anthropogenic activities and problems due to
replacement of traditional systems of mangroves management and failure to revive

and institutionalize the same are few amongst others.
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Outer Bund Not to scale
Mangroves Poim
Inner Bund

Coconut Trees Along The Bunds

‘River

Column Low Lying Khazan Lands

Regulation of water is done by sluice gate
mechanism not shown above

Vertical Section of Hydrological Situation of Mangroves in Riverine Areas

Image I- placed below — Shows settlements along the Zuari side of
kumbarjua river at NeuraDongri Area. Also lining of mangroves

along both sides of river is evident.

Image Il -
Destruction of
Mangroves at
Neura Dongri Area
for making way for

bridge

% Adjoining image Ill — Mangrove species

§ Avicennia Marina are seen like guards
standing in discipline along the inner bund in
Dongri — Neura, Bund is a protective

_ structure made and managed since centuries
{ in Goa along rivers. Beyond bunds there

arekhazan lands and agricultural fields ( Pic

¥ from Dongri — Neura area by
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This work focuses on the need to revive traditional system of management of
mangroves, bunds, khazan lands and associated hydrological systems through

community engagement.

Mismanagement of mangroves has led to increased mangrove cover in
agricultural areas which is detrimental to agricultural growth. Hence restoring
traditional management practices or replacing with more resilient suitable

institutional mechanism should be developed.

Linking of mangrove management with livelihood interventions such as
mangrove nurseries, mangrove based apiculture and branding of products derived
from mangroves, ecotourism and crocodile habitat education to tourists with
signages, locally trained guides, mangrove films, educational brochures etc.
propagating salt tolerant rice varieties, providing green sKkills already known to elders
as a tradition, crab culture, pisciculture without disturbing local hydrology is the need

of the time and could be the way forward.
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GEOHERITAGE

(The rocks, minerals, landforms, soils, rivers, lakes, oceans, etc. of the

landscape together constitute the geo-wealth of a region. As this geo-wealth
is inherited from the past, from thousands and millions of years, it is

described as Geoheritage.)

LAKSHADWEEP ISLANDS
Dr. Shrikant Karlekar

Lakshadweep Islands, as a system of living coral reefs, lagoons and
sparkling shell sand beaches, is Holocene in age (past 12 thousand years). These
coral islands rest on earlier Pleistocene reefs and form an important Geoheritage

site.

Lakshadweep Islands consist of a group of tiny coral islands, located in the
Arabian Sea, about 400 km from the main land (southern tip of the Indian Peninsula).
The UnionTerritory of Lakshadweep consists of 11 inhabited islands, 15 uninhabited
islands, attached islets, 4 newly formed islets and 5 submerged reefs. These islands
are scattered in the Arabian Sea between North Latitudes 8 0 00" and 120 13'N and
eastlongitude 710 00’and 740 O0’E.

These islands are typically a chain of low islands surrounding a shallow
lagoon,consisting largely of recent sediments on top of older coral limestone. The
inhabited islands are Kiltan ,Agatti, Amini, Androt, Bangaram, Bitra, Chetlat, Kadmat,
Kalpeni, Kavaratti and Minicoy. Islands Chetlat, Kiltan and Kadmat are closely
spaced and are on the northern part of the archipelago, whereas Kalpeni is on the

east central part of the group and the Minicoy Island is located in the southernmost
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part and far away from the otherislands. Androth, having an area of 4.84 sq.km. is the

largest Island, whereas Bitra, with an area of 0.1 sq.km is the smallest.

Lakshadweep islands have a delicate ecosystem with very limited fresh water
resources. Though the islands receive high rainfall, the lack of surface storage and
the limited ground water storage capacity, where fresh water is occurring as a small
lens floating over salt water, makes fresh water a precious commodity. High porosity

of the aquifers allows mixing of freshwater with sea water.
Following are the inhabited islands.

1.Agatti:
Agatti is the most westerly island of Lakshadweep. It lies on the eastern arc of the

coral shoal and is about 6 Km in length and about 1000 meters wide at the broadest

point. Coral growths and multi coloured coral fishes abound in this lagoon.

2.Androt:
Androtis the nearestisland to the mainland. Itis largestisland in Lakshadweep.

3. Minicoy :
It is the second largest island. Minicoy is southernmost island in Lakshadweep,

crescent shaped and has one of the largest lagoons.

4. Kavaratti :
It is headquarter of the UT Administration since 1964. The beautiful calm Lagoons

form an ideal spot for water sports.

5. Kadmat :
It has a very large lagoon on the western side, Long sandy beaches and excellent

water sport facilities are the stellar attraction here.

6. Kalpeni:
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It is known for its scenic beauty and the small islets called Tilakkam and Pitti and an

uninhabited island on the north called Cheriyam.

7.Amini:
Talented craftsmen living here are famous for making walking sticks with tortoise

shells and coconut shells.

8. Kiltan:
The Islandis only 3 kms long. The island is thick in flora and is fertile.

9. Chetlat:
Chetlatis the northern mostinhabited island.

10. Bangaram:
A Beautiful and breathtaking island in the Lakshadweep, It has been ranked among

the best getaways of the world.

11. Bitra:
Bitra Island is the smallest inhabited island in the territory. Bitra is the breeding ground

for a number of seabirds.

The total geographic area of Lakshadweep islands is 32 sq.km. The islands do
not show any major topographical features but are largely low level and flat topped,

generally rising to the height of a few metres above sealevel.

The height of the land above the sea level is about 1-2 m. Occasionally, old
sand dunes on the sides of the lagoons and storm beaches on the seaward side of the
islands rise up to height of 8 m. The storm beaches consist of coral pebbles and
boulders piled up well above the high tide mark. Most atolls have a northeast-
southwest orientation with an island on the east, a broad, well-developed reef on the

west and alagoon in between.
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All islandsof Lakshadweep are of coral origin and some of them like Minicoy, Kalpeni,
Kadmat, Kiltan and Chetlat are typical atolls. The islands on these atolls are invariably
situated on the eastern reef margin except Bangaram and Cheriyakara which lie in
the centre of the lagoon. In the case of Bitra, the island is on the northern edge of the

lagoon.

The development and growth of the islands on eastern reef margins is
controlled by a number of factors. The cyclones from the east have piled up coral
debris on the eastern reef while the very high waves generated annually during the
southwest monsoon have pounded the reef and broken this into coarse and
subsequently to fine sediments which were then transported and deposited on the

eastern side behind the coral boulders and pebbles on the eastern reef.

A gradual accretion of sediments by this process has led to the growth of the
islands. In some of the lagoons like Kiltan and Chetlat, the islands are growing at a
very fast rate and during the next decade or so, the lagoons themselves may be filled
up with sediments. In atolls where openings occur in the reef or where the lagoon is
too wide for the sand to be transported across its entire width, sand banks usually
develop and enlarge towards the centre of the lagoon leading to the formation of the

island in the centre such as in Bangaram, Suheli etc.

The entire Lakshadweep group of islands lies on the northern edge of the 2500
km long North-South aligned submarine Lakshadweep-Chagos ridge. The
Lakshadweep Sea separates this ridge from the west coast of India. The ridge rises
from a depth of 2000- 2700 m along the eastern side and 400 m along the Western

side. The eastern flanks of this ridge appear to be steeper compared to their western
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counterparts. The ridge has a number of gaps, the prominent being the Nine Degree

channel.

The Lakshadweep Islands are composed mainly of coral reefs and material
derived from them. Barrier reefs and lagoons are seen in almost all islands. The hard
coral limestone is generally exposed along the coast during low tides and is also seen
in well sections. Abore hole drilled in 1972 in the 9° Channel of Lakshadweep ridge by
the drill vessel ‘Glomar Challenger’ at a water depth of 1764 m. down to a depth of 411
m. below sea floor encountered calcareous sediments of Upper Palaeocene to
Pleistocene age. Palynological and other studies indicate that the ridge was faulted
down during Lower Eocene period which resulted in the formation of Lakshadweep

Sea and separation of the ridge from Peninsular India.

Coral atolls generally consist of a layer of recent (Holocene) sediments,
comprising mainly coral sands and fragments or coral, on top of older limestone. An
unconformity separates these two layers at typical depths of 10m to 20 m below mean
sea level. Several deeper unconformities may exist due to fluctuations in sea level
which results in alternate emergence and submergence of the atoll. During periods of
emergence, solution and erosion of the reef platform can occur, while further

deposition of coral limestone can occur during periods of submergence.

Several theories are available in the literature on the formation of these atolls.
Darwin, suggested that fringing reefs surrounding volcanic islands, during
subsidence, grew up gradually to develop ring shaped barrier reefs and as
subsidence continued, eventually became island free ring reefs. The other theories

are also equally interesting. According to Alcock all the Lakshadweep Islands are
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remains of eroded atolls raised only a few feet above the sea level and formed entirely
of coral rock and coral sand. Gardiner believed that Maldives and Lakshdweep were
formed on a large bank which was a part of an ancient land that completely sank.
According to him some of the islands are remnants of mountains that existed in the
sunken land. In general conformity with the geological history of the Indian Ocean
reefs, it may be stated that the reefs of Lakshadweep were built in Tertiary and
Quaternary eras on volcanic structures and the present day surface features of the
reefs are the results of erosional and depositional consequence of Pleistocene and
Holocene sea level changes (Stoddart, 1973). All the theories explain the formation of

ring reefs and subsequently the atolls but not the further development of the islands.

(A) Minicoy : The island Minicoy is the southernmost in the Lakshadweep
Archipelago. It lies between 8°15' to 8°20' N latitudes and 73° 1’to 73° E longitudes
with an area of 4.4 sq. Km.The island has a large lagoon on the western side
measuring about 6 km across. It does not exhibit significant geomorphologic
differences except for micro level relief differences. The elevation above the sea level
is about 1-2 min the west and about 2-3 min the east during high tides. The island has
been formed along the eastern fringe of the atoll covering the complete length of 12

km from southwest to northeast.

(B) Kavaratti : The island, Kavaratti lies between 10032’ to 10035’ N latitude and
72035’ to 72°37’ E longitude with an area of 3.6 sq km. The island has a large lagoon
in the western side which measures about 1.5 km across. The length of the lagoon is
about 6 km. Itis a flat island rising above the sea level to the extent of 1 to 2 metres in

general during high tides. It has a narrower southern half and a broader northern half.
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The western shore line exhibits some undulations due to active deposition of sand.
The eastern shore line has lot of beach sand stones (limestone) which act as barriers

protecting the island from the cutting action of the waves.

(C) Kadmat : The island Kadmat lies between 11010'to 11015' N latitudes and 72°45'
to 72047' E longitudes with an area of 3.1 sq. km. Kadmat is a long and narrow island.
Itis only 570 m wide at the broadest point. The eastern reefis exposed at low tide and
forms a level platform stretching from sea beach for about 100 metres. The island has
a large lagoon on the western side measuring about 2 km at the broadest point. The
island is, generally, flat rising 1 to 3 m in both the east and west above the sea level
during high tides. A high ridge of sand runs down the western side of the island. Also
there are sand deposits in the southern part giving rise to undulations whereas the
northern part is flat with little fresh sand deposits. The island is aligned north south

with a slight clockwise tilt.

Minicoy and Kavaratti islands have formed along the eastern fringe of the atolls with a
southwest to northeast orientation and Kadmat, along north-south orientation. The
position and orientation of many of the Lakshadweep islands inside the ring reefs are
the result of sea surface circulation and wave action which follow seasonal monsoon
(southwest monsoon) winds .The sea surface circulation in the Arabian Sea is
stronger and steadier during southwest monsoon compared to those in the northeast
monsoon. During the southwest monsoon the surface currents in the open ocean are
eastwards and clockwise in direction due to the coastal configuration. It flows north
eastwards along the Arabian coast and southwards along the Indian coast as wind

driven ocean current. Where reefs grow up in shallow seas, bottom currents exert a
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great influence on reef form right from the beginning of the reef building by depositing
sedimentto the leeward side of the initial coral colonies and by transporting their coral
larvae which subsequently initiate reef growth on these leeward sediments. This
action of sea current is accompanied by the island building action of the wind and

waves.

These factors become dominant as the vertical growth of reef approaches sea
level. The waves gaining energy from the east and north eastward blowing monsoon
winds break the western portion of the ring reefs and carry the coral shingle and sand
towards the eastern portion of reefs. The ramparts of coarse shingles are then
deposited at some distance in from the reef edge. The finer fragments and the coral
sands are carried further on by the waves and only come to rest along the eastern part
of the ring reefs as noticed in Minicoy and Kavarati or in the lagoon when the wave
energy is greatly diminished as observed in Kadmat island The islands are thus
formed, whose position on the reef is determined by the frequency and force of waves

and winds coming from southwest.

These islands have been growing upwards keeping pace with sea level
changes in the post glacial period. 15000 years ago the sea was about 120 m lower
than today and 7000 years ago it was about 20 m below the present level. The sea
level change should have been slow and gradual during this period. Had it been a
sudden process these coral islands would not have existed because corals can grow
in only shallow waters. The modern reef growth related to the present sea level must
have begun only about less than 5000 years ago (Wood 1983). The age of these

islands is less than 5000 years and their development progressed from east to west.
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EARTH MARVELS

(Compiled by Dr. Tushar Shitole)

El Nido, Philippines

Situated in Bacuit Bay, El Nido, covering a land area of 465.1 square

kilometres (179.6 sq mi) in the northernmost tip of mainland Palawan, is bordered by

the Linapacan Strait in the north, the Sulu Sea in the east, and the South China Seain

the west. It is composed of 45 islands and islets, each has its own unique geological

formations. The highest peak is at Cadlao Island, towering up to 640 metres (2,100
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Permian to Paleogene rocks and limestone cliffs of El Nido are similar to those that
can be found in Ha Long Bay in Vietnam, Guilin in China, as well as Krabi in Thailand,

all of which are part of the Sunda Plate.
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