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A B ST R A C T

Carbonate Aeolianites, a common and conspicuous facies of the Pleistocene and Holocene, provide a 
wealth of information on fluctuating Quaternary Climates and sea-level changes. The Indian subcontinent having a 
vast coastline with a varied Quaternary history, exposes along the Gujarat coast, some of the excellent outcrops of 
Quaternary carbonate rocks, popularly known as "Miliolitic Limestone" of Middle-Late Pleistocene Age. Th:se 
carbonate deposits with varied field characteristics and textural parameters have been studied in the past to 
establish the fluctuations of Pleistocene climate and sea-IcveIs The microfacies and diagenetic character of the 
Pleistocene carbonate accumulations of Gujarat Coast, Western India are documented in the present paper in order 
to understand the palaeoclimatology and palaeoenvironmental aspects. The porous, fine-medium grained, miliolitic 
limestone display large-scale cross-stratification with high angle fore sets dipping chiefly to landward. The 
benthonic foraminifera-dominated limestone, a pelleta! packstone-srainstone. is cha/actcrized by early stage cement 
and other diagenetic fabrics characteristic of vadose zone involving dissolution, cementation, neomorphism and 
micritization. Critical evaluation of the field data, compositional and diagenetic characteristics points to a Middle 
Pleistocene high sea {+25 m asl) which subsequently regressed to a low level (-100 m bsl) at the close of 
Pleistocene manifest by the reworking and sub-aerial exposure of the carbonates and subsequent action of meteoric 
diagenetic processes. \

Key Words : Sea level, Microfacies, Carbonate, Limestone, Gujarat coasi, India,

IN T R O D U C T IO N

Natural variations in sea-level are evident 
over a large range o f time and space, from the 
pulse o f diuma! tides to globally coherent variations 
in sea level occurring over many millennia. On 
the geologic time scale, evidence from coral reefs, 
oxygen isotopes and other records suggest globally 
coherent connections between climate and sea
level Variation in climate has causal connections 
with the geological, biological and hydrological
processes that affect sea-level. The fluctuation 
o f  sea level in association with the transitions 
between cold glacial and warm interglacial periods 
is the most obvious manifestation that is evident 
over many g laciai-in terg lac ial cycles spanning 
millions o f years (W arrick, 1993). The Q uaternary 
Era is distinguished by widespread sedim entologicai 
and biological evidences o f climatic and sea level 
fluctuations. Evidence based on stab le-iso tope
com position, textures, m ineral com position and
microfacies characteristics o f  the limestones supports 
the conclusions that many marine limestones o f 
Quaternary age became rocks when their particles 
were subaerially exposed. Many marine limestones, 
whose antecedent sedim ents w ere deposited in 
shallow marine waters, occur in successions that 
are many times thicker than the inferred depth o f  
water in which the original carbonate sediments 
were deposited. Such relationships require us to 
infer that the sea floor subsided through m an1.

hundreds of thousands o f meters. By contrast, the 
demand that subaerial exposure was necessary for 
cementation required that generally subsiding sea 
floor be exposed periodically to fresh water. One 
way to reconcile these contrasting processes was 
to suppose tha t the sea f loo r or sea-level 
alternatively rose and sank (Friedm an and Sanders, 
1978).

Although there are many factors which 
determ ine the nature o f  ca rbona te  form ation,
geotectonics and climate together control the sea 
level. Climate along with geotectonics is also 
important in determining w ater circulation,
temperature, salinity, nutrient supply, turbulence, 
storm and tidal current stregth and wave velocity.
Rises and falls in sea-level also have implications
for the diagenesis o f carbonates, especially in the 
d eg ree  o f su b a e r ia l ex p o su re  and m eteo ric  
diagenesis. Therefore, the present w ork based on 
the study o f the various m icrofacies and diagenetic 
characteristics o f  Q uaternary carbonates has been 
utilized in order to understand the fluctuation o f 
climale and sea-levels during the Pleistocene along 
the Saurashtra coast.

Exam ples o f Q uaternary carbonate deposits 
occurring as transverse dune ridges parallel to the 
shoreline are known from Berm uda, Bahamas,. 
Yucatan, Spain, M editerranean Coast, Trucial Coast, 
India , etc. (F ig . 1). T hese  ro c k s  fo rm ing  a
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conspicuous facies o f P leistocene and Holocene, 
are better referred :o as Carbonate Aeolianites 
(Scholle et al. 19S3). The Gujarat Coast contains 
some excellent outcrops o f such carbonate rocks, 
known as “ M ilio litic L im esto n e” , belonging to 
M iddle to Late P leistocene Period, The varied 
field and textural character o f these rocks provide 
a wealth o f inform ation on the Quaternary climate 
and sea-levels and attracted the attention o f man> 
earth scientists (G lennie, 1970, Vertna and Maihur, 
1978; M erh, S992). In all about 200 thin sections, 
made out o f  the samples collected from al! the 
localities along S aurashtra  C oast from surface 
exposures and quarry sections, have been examined 
for their com position and diagenetic characteristics-

These rocks, exposed over an area of 
approx.5,300 sq.km. form a series o f ridges parallel 
to the coast (PI.I; Fig. 1) and extend iand-wards up 
to an elevation o f  about 25 m with highly variable 
thickness and are seen resting on shell limestone 
(beach rock). The porous, fine-medium grained 
limestone display large-scale cross-stratification with 
landward dipping  high angle fore sets (PI. 1 ;Fig,2). 
P alacocurren t analyses indicate  a SVV to NE

movement o f the sedim ent transport (Mahender, 
1996). The tops o f carbonates show karst erosion 
1 m im karst-P iate-1 ;Photo 4& 5) and development o f 
soil or hard, dense caliche crust. “C and !)0Th/ 

dates (Baskaran, 19S6 and Somayajulu, 1993) 
indicate broad age range o f 30-235 kyrs. The 
field evidences and grain-size textural parameters 
suggest a fluctuating shallow  marine-beach-coasta! 
dune d epositional env iro n m en t. Possibly, the 
limestone particles have originated in a shallow 
marine setup during high sea level and subsequently 
with progressive regression o f  the sea are exposed 
to the reworking by winds and redeposited as 
miliolile rocks which have subsequently undergone 
meteoric diagenesis (M ahender, 1996).

M IC R O F A C iE S  A ND D IA G E N E T IC  
C H A R A C T E R IS T IC S "

Petrographicaliy these rocks, described as 
biospartte to biopelsparites (pelletai packstone to 
srainstone) with a variety o f allochem s cemented 
together by sparry calcite, are com parable with the 
S.M F-11 and S M F -1 8  o f  W ilso n  (1 9 7 5 ) . 
Allochems including the skeletal particles
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Pi ate-1

(Magnification of phtotmscrographs -40X. o ihcrv .se mennoned)
1. Carbhonate aeoiianile ridge paralleling the southern Saurashtn 

‘ Coast.
2. Photograph displaying targe scale cross-bedding 

characteristic o f  Aeolianites.
3. Photomicrograph exhibiting the dominant forammifcra/ asiem- 

blage varying from broken to well preserved tests.

4 Photomicrograph displymg the sanous skeletal allochems 
(mollusc, brachjopod. forams etc ) set in a s p a rry  caJcilic 
cement.

5, Photomicrograph representing üve echmoid skeletal ailochems. 
Also seen in £he ccnter, two cement generations one of 
which is isopachous ccmeni uiih  a radial fabric and Ihc 
other one is a daisy mosaic of sparry calcite.

6. Photomicrograph displaying transverse section o f a bryozoan 
bioclast and syntaxial growth of echinoid skeletal etemen^
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Fig .2  V ertical R ela tio n sh ip s  Between G rain  T extural A ttrib u tes  an d  the P aram eters  of the D epositional E nvironm ent

( fo rm in ife ra  m o llu s c a , b rac 'n iopoda , b ry o zo a , 
echinoderm , algae and corals) and non skeletal 
panicles (pellets, oolites, aggregate grains, intraclasts 
and detrita l m aterials) are in medium to fine sand 
range and genera lly  m oderate to well rounded.
The skeletal allochem s vary from <10% to 50% 
and com prise w ell preseved tests o f forams and 
broken fragm ents o f  diverse fauna and display 
varying degree o f  abrasion and rounding. The 
ailochem  com position  has a striking similarity with 
present day unconsolidated  beach and coastal dune 
sands and can be com parable to foramo! association 
characteristic o f  tem perate carbonates. The detailed 
nature o f  occurrence and character of individual 
a llochem s is g iven  in Table .1 . The vertical 
variation o f  tex tu ral param eters o f the allochem ical 
constituents (F ig .2) and selected chemical elements 
(F ig .3) clearly  suggest a fluctuating condition o f 
the sea w ith  v a ry ing  energy  conditions. The 
orthochem ical constituents  o f  these rocks include 
v a rio u s  p o re  F illing  and  neom orph ic  spares  
consisting o f  ftbrous/d rusy  calcite, coarse sparite 
and m icrite seen  in the form o f isopachous rims, 
syntaxial o v e r grow th, m eniscus and dripstone 
varieties etc. In com position , the carbonate fraction 
o f  these rocks consists mainly o f calcite and 
aragonite.
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F ig J  V ertical Variation Selected C hem ical Elem ents
of Miliocic Lim estone Diu

D iag e n e tic a lly , th e se  ro ck s  a re  
characterized  by early stage cem ents (m eniscus or 
g ra in -co n tac t cem ent g rav ita tiona  o r pendu lous 
cements^ and the diagenetic fabric characteristic o f  
vadose zone involving processes o f  dissolution, 
c e m e n ta tio n , n eom orph ism , m ic r it iz a t io n  a n d  
co m p a c tio n . The various  d ia g e n e tic  fea tu re s  
observed in these rocks include (i) a  thin layer of:
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Table- ! M ic refac ia  ch iraeterb tie i le d  «nviroftmf n til in ic rp rtu tion i

Lun«jtonc Ntlurt of PrcKivmon lirtviriHtfTKniaj |j«n |>rntltoni Cwttirtu«n1|

F onm in fe i Represent dominant bcnihonic uni a fc* plw iion ic  formj bclongu-ç to Houlid. MiUolid, 
TertuUhdM and Gobigerinid*e Ca/n&a. u e  commoniy w«l] preserved u  rrxihi 
dumbered *tthough the chunbcn v c  deuched in to r n  uvj inieror of clumben i» fiilexi

with ipinte/mjcrhe (?i. 1: Fig. 3).

Abundant bemhonic fofixru, their ibndad  aazurt b  indicalivt 
of Kigh e>vrgy tKiilow w u «  cmiranmenL

MolWici Pdccypod and gutropodj t e e  u  broken frtgmcmi with ih«u chirictctiiuc UinelUr. 
folming chetl will mvciufej T>< origjfuJ irigotuuc wall « ruaure a  kxtk um plci n 
nccynorphoted to ulctte tp u  ( ? l | ;  Fig. 4)

The fri^mcnied and kbrtded b w iu i*  todidU tnerjy
corvJiiion»

Bnchioped TSe tfcdeul demenu ire normally wcD preserved because of thar 
Ciiaie »hcil rruncrciogy. (Pl. j; Fig 4}

P/eicnc< of toiieri bioclwu to mkrile rimmed grunt u 
iJso indicative of thiilow w »tc deplhi

1£

Represented by rtstdom liiccj through pfaiej t rd  ipinei. have identified u  unglc 
cry tu li of tiJcice THe plates though esc^cdin^y orgimvns po'ouv trx often well 
peeicrvej doe lo iheir itabie Low estate mine» »f<>RV Syr»i»xi*J no ih< unpici 
the pUtea is a common fcjtiufs i'r". 1. f-'ig S)

S ^ n f iu n t imount o f reef burldmg (cortü) Ckf ncMVtkdcu/ 
p irtidcj v t  uvliciijve iheJf iiM ciition chtfactmjtic of <ut>-

Bryoioi Aj-e represented by polynwrphtc ru t«  of v inouj width and »uH mbngemeni The nrir 
in the *xjil surface of the L«ccpt for filling of porei the te '-cioarj tuve noi 
Ujffered any obviou* diaaen<ruc ciention iu&?e»s considerable rr-crx jr^. (PI 1. fig &)

jphcncAl. highly rounded tnd ibr»ded Mture of
bl'KlAilJ

PeJlcVi Roagmg sn r~ic from JO to «X  yjcrotu, hive \ uruforni divnctcr « length j o  
v.-»dth rmo o f  2:1 »rtd vvy from SO*/» »o 40%. Tk<K ire  -*cf<criC*J-e!!ipiiC*i._ 

veil'rounded, often with U-jn i iA  rjn  which helps 10 dtfiAC >octJ»pcj of pclleu 

in micmic m iiru (PI fig 1}

In generil the dlochem compoiilion it eorcccnble U> forwrol 
iswxinton chutciensiic of temperate cIjt^ ss.

As^regue S evered iggr<g>ie gruni ics&rixrs lo grapesionc lumpj k ï^ c j-tk : cc*itd with roicnuc 
envdopj tr t noucai coftj;sfirg c f  u^2^»f»4:ed btocluu  istï i  ic rnrjl ivucn in  
The cemenürsg tTuicriil wiüvn '«Se t^tuiin&icd fu rude j n  jimilt- u  tr-u of >*hole rock

The pctfogrtph;; composition of che c v to c j i a  cie^rty fudges 
a thiüaw  rTu/ipe-btich-cokstii dune deposbàorjJ envùoorac?.

Ooids Mwlli Uyered u  well «i tupcxticui ooidi ire pre«ni in h»vifig reM^^ry Uu'je nticleiu» 
which ii utuiJly l  tncntic peCc. q u v u  gffcjn or b iodu t Sctnx um pita iKow 

îp*/nly distnbuted oolivei viih wefl pr«Krvcd concerlnc ind rw£aJ sc-jcr^r:i Th: 
individuiJ li.'rur*e of ihe OOidi ru-ge ft am ] to 15mm in ihicL,w «  ird conex cf 
tome ooidi ii piniülyi''*>Soity io« due io idjgenesn (PI 2. Fig I 'l

The limesone piAicSe* originated in ih*ûo» tmrirte w u en  
during hifh tcj~lc*clt «/e expotcd to m*v*iunt by winds 
dunng njbtequem feg/euion tnd Hive beea t«deposited u  

niiioiiît focki

Cono'dj Some ^r*jru reJ*nvely Uua rvcntc c o iun ji ptese-rving ione  the tnterrnl 
structures u c  îdeniifiçd n  concwdi. ongm»’.ed p^ob^bly. due ?o iecorxpcwiion. of irdigeAoui 
oriEinc miner tnd iimulisineouj rrpiicemew by micrtie »nd d4v -«ed  c irtom ie  p t/tidei

(Pi 2. fig :)

Non-cirbotuttThe detniil itmgcnocs nuicra ii «ueh tb ju n ju it q u v u  u>d t fe-*> snir\j of fddipv, 
ptrtklc i pyroxene, u*à rock fragment» of tuii): *^d Q uin iu it constitute ibe coo-c4Jt-o"jie s*ni silt 

fnajon "

tightly packed needle-like caicite crystals that grew 
normal to the grain-surface and pro jecting  outward 
into the intergranular pore space (P l.l; Fig.5), 
forms a rind approximately. 100mm thick, (ii) in 
some samples this coat is followed by blocky/ 
drusy cem ent which In turn is separated  by vadose 
silt, (iii) Syntaxial growth o f  caicite on early 
formed grains documented for single crystals o f 
echinoderm (PI.2; Figs. 3 and 4) fragm ents formed 
due to  the d eve lopm en t o f  la rg e  o p tica lly  
continuous crystals, (iv) large scale developm ent 
o f caverns and pot holes in the m iliolitic limestone 
related to the dissolution process (PI.2; Fig.6).

(v ) n e o m o rp h ic  p ro c e s s e s  (c a lc if ic a t io n , 
m icritization) represented by diagenetic structures 
com posed o f caicite prisms arranged in spherical, 
e llip tica l, bodies (PI.2; F ig .5) which can be 
com pared with, M icroeodium as described by Ward 
(1975) and Calvet et ai. (1975), These according 
to K lappa (1978), are spherltal structures with 
r a d ia t in g  c a ic ite  p r ism s  p ro d u c e d  by  the 
c a ic it iz a tio n  o f  m ic ro h iz a l a s s o c ia tio n s  and 
com monly seen in aeolianites and calcretes and
(vi) occasional instances o f  com paction evidenced 
by breakage/telescoping o f some grains, tangential 
/ truncated contacts, and overpacking (PI.2; Fig.6).
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P la te - 2
(M agnification o f  phtotmicrographs -40X; otherwise m entioned)
1. Photomicrographs displaying the non-skeîetal framework 

elements (pellets, oolites etc.) o f carbonate aeoîia^iies. 
M icritizsîion o f  oolites, biociast to pellet transformation is 
also observable.

2. Aggregate grains also with some non-carbonate terrigenous 
particles o f  chert)' q u ara  present in the limestone.

3. Photomicrograph presenting the significance o f  m icrite 
envelop in preserving a sparite filled molluscan fragment 
during diagenesis and syntaxial rim cementation o f  echinoid 
skeletal elements.

4. Phtomicrognaph displaying gravity (and/or meniscus) c e 

ments

5. Sparitc cements and possible root void (microcodium) filled 

with radiating prisms arc observable in the section.

6 The effects o f  compaction (telescoping of oolites, close 

packing) and selective dissolution o o id s  exhibited by the 

carbonate aeolianites.
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PLEISTO CEN E SEA LEVELS OF GUJARAT COAST

1 Fair b fidg* , I978J

rtflRHEMAN
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m o n a s t e r y
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+25m. Middle Pleistocene 

o S  High Sea Level

100m. Late Pleistocene 
low Sea Level

Fig.-l F luctuating  P leistocene Sea Levels A lon” G u jara t 
Coast, S uperim posed  oo Ihe Sea Level C urve of 

F n irb ridge , 1961

IM P L IC A T IO N  O F  C L IM A T E  AND 
SEA  L E V E L  F L U C T U A T IO N S

The quaternary Period is characterised by 
climatic variations, m ostly related to the alternating 
world-wide glacial and interglacial stage which 
ultimately are responsible for euslatic sea-level 
changes. The various sea-level curves generated 
for specific areas are found to be useful in 
r e c o n s t ru c tin g  g lo b a l s c e n a r io s . F lu c tu a tin g  
Q uaternary climate and sea level signatures are 
w ell recorded and are revealed by various field 
and laboratory features. M erh (1987, -1992) provides 
an exhaustive review of the sea-level changes aJong 
Indian Coastline. The fluctuating condition o f 
climate and sea-leveis along Saurashtra Coast is 
clearly evident from Fig.2. The interpretations 
derived out o f  the present study are in agreement 
w ith those o f  other works.

The predom inant accurrence o f  smectite 
group o f m inerals in the clay fraction o f  alluvial 
deposits and the presence o f  pedogenic carbonates 
w ithin the fluvial deposits suggest a semi-arid 
climate, with a mean annual rainfall o f  little less 
than 700 mm (Lsle, 1975). The micromorphologica] 
characters such as haem atitic coatings on weakly 
w eathered hornblende and plegioclase grains and 
dissolution features o f  these rocks attributed to a 
semi-arid clim ate o f  M iddle P leistocene Period.

Pétrographie composition o f  miliolitic limestone is 
similar to temperate carbonates with sea w ater 
te m p e ra tu re  f lu c tu a t in g  b e tw e en  0 M S " C  
(corresponding to M iddle Pleistocene H igh1 Sea). 
The tex tu ra l c h a ra c te ris tic s , m ineralogy , and 
diagenetic observations (early diagenetic vadose 
cements, cement geometry, microcodium, dissolution 
features ctc.) suggest an arid to semi-arid climatic 
conditions corresponding to the regressive phases 
o f the High sea. The pétrographie and minéralogie 
observations suggest fluctuating climatic conditions 
from tem perate (at the time o f  the ir initial 
formation of particles) to semi-arid conditions o f  a 
sub-aerial environment during which the particles 
have been reworked by wind ami rain water to 
give rise the present setup. Reworking o f  the 
these sediments is supported further by the surface 
textures o f  quartz and forminiferal tests (PS-2, 
Figs.S and 6).

The occurrence o f the Miliolitic rocks at 
various heights prompted many workers to invoke 
a succession  o f  h igh s trand lines du ring  the 
Quaternary. Verroa and M athur (1978) recongnized 
five levels and correlated them with the w orld
wide eustatic high sea-levels o f  Faribridge (1971). 
Merh (1977) came to the conclusion that the high 
sea responsible for the deposition o f  the m iliolitic 
limestones had never risen to these heights. In 
the absence o f isotopic data it was assumed that 
this high strandline dated back to Early Pleistocene 
was represented a regression to a depth o f  -20 m 
during Late Upper Pleistocene. Patel (1991) 
provides evidences o f a +20 m to +2S m high 
strandline corresponding to Miliolite formation.

The marine nature o f  the carbonates as 
evidenced from field and laboratory study and the 
occurrence o f beach rock at the base o f  limestone 
up to 25m altitude suggest their formation during 
the Middle Pleistocene transgression when the sea- 
level was +25m asl (F ig.4). The subm erged 
m iliolites and ''sandy " ridges and the gradient 
configuration o f the Present outex continental shelf 
clearly indicate that subsequent regression o f  the 
sea exposing major part o f the limestones for sub
aerial processes. The various diagenetic features 
and fresh water cem entation of. the m iliolitic 
limestone clarly suggest their sub aerial exposure 
after the formation o f  the constituent particules in 
shallow marine environment. The depth up to 
which these rocks occur below the present sea- 
level can be relaied to low strand line during 
which these rocks are subaerially exposed. The
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various evidences in favour o f  fluctuating condition 
o f  P leistocene sea are listed in Table 2. Based 
oh the observations m ade in the present work and 
the o ther evidences (Table 2) a low strand line o f  
-100 m  bsl at the close o f  P leistocene can be 
suggested, Therefore the pétrographie study o f  
these confirm s the M iddle P leistocene +25 m high 
strandline and a Late P leistocene -100 m low 
strandline. These tw o  levels are com parable with 
the published  strandline curves (Fairbridge, 1960, 
1961, Shepard and Curry, 1967) related to M iddle 
P le isto cen e  transgression  and Late P le istocene  
regression  corresponding to interglacial and glacial 
periods respectively.

T ab le -- Envidences of fluctuating  condition

Evidences in favour High Strandline

I. Location o f alluvial plains at around 20-j0m  i.
all along the south Saurashtra coast resulted 
probably due to combined fluvial and coastal 
marine processes (Patel, 1991).

phases o f  M iddle P leistocene high Sea. T he 
progressive regression o f M iddle P leistocene high 

sea synchronized with glacial stage marked by 
sem i-arid dry climate exposed enormous am ount o’f 
beach and littoral sands to reworking by SW -N E 
onshore w inds and rain w aters resu lting  the 
deposition o f the carbonate sediments. Subsequent 
humid phase and fresh water diagenetic processes 
in a vadose environment resulted in consolidation 
and cementation o f  the m iliolitic limestone. Present 
study supports the M iddle Pleistocene High sea- 
level (+25 m asl) which progressively fell down 
to -100 m bsl by the Close o f  Pleistocene.

o f P leistocene sea along S au ra sh tra  Coast

Evidences in favour Low Strandiine

Submerged terraces on ihe western continental shelf o f  
India at depths o f  -92, -S4, -71,-65, -55 and -31 metres 
prominent o f  ihese is fifty fathom flat (-90m terrace)
(N'air, 1975, Waglf et aJ 1994)

Fan shaped drainage pattern o f  river channels 2
and alluvial deposits at around 25-30m contours 
and straight courses until they meet the present sea.

Relict carbonate sand zone consisting of coated grains, 
ooids, benthic foramini fera o f  shallow water origin and 
large foraminifera encrusted with intertidal barnacles at 
the depth o f 60-90m (Hashmi & Nair, 1976: Chauhan <t 
Almeida, 1993)

3. Relict alluvial patches and terraces etc 3 Presence o f  beach rock at 91m depth and oolitic lime
stones at 95m depth showing vadose diagenetic texiures 
indicates the subarnal condition o f present-day outer 
continental shelf during Pleistocene glaciation 
(Rao et al. 1990}

4. Occurrence o f  Beach rock at 25m elevation 4 Partially buried algal reefs on outer shelf to the south
of the study area (Vora & Almeida, 1990).

5. Presence o f  caliche pisolites (of Late Pleistocene) on the
western continental shelf o f  India (Rao, Î990) chi/acteriz 
ing semi-arid climatic conditions with moderate rainfall.

C O N C L U S IO N S

T he fluctuating Quaternary' climate and sea 
levels are well reflected in the variation o f  textural 
and  co m p o sitio n a l a ttribu tes  o f the M ilio litic  
L im estone . The skele tal com position , excellen t 
preservation  o f  pellets and some o f  the fossils, 
and the presence o f  broken as well as intact tests 
o f  the form inifera with varying degree o f  abrasion 
leading to  micritization and peloid formation clearly 
suggest the influence o f coastal eolian, beach to 
shallow  m arine tran spo rta tion  and depositional 
p rocesses. The rocks represent rew orked ancient 
biogenic beach sands generated during regressive
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