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Pleistocene Climate and Sea-Levels - A Study of the Microfacies Characteristics of
Carbonate Aeolianites {(Miliolitic Limestone) of Gujarat Coast, India.

Mahender, K.
Department of Geology, Goa University. Gou

ABSTRACT

Carbo'nate Acolianites, a common and conspicuous facies of the Pleistocene and Holocene, provide a
wealth of information on fluctuating Quaternary Chmates and sea-level changes. The Indian subcontinent having a
vast coastline with a varied Quaternary histery, exposes ajong the Gujarat coast, some of the excellent outcrops of
Quaternary carbonate rocks, poguiarly known as “Nilicliic Limesione™ of Middie-Late Pleistocene Age. These
carbonate deposits with varied field characteristics and textural parameters have been studied in the past to
establish the fluctuations of Pleistocene climate and sea-levels. The mucrofacies and diagenetic character of the
Pleistoczne carbonate accumulations of Gujarat Coast, Western India are documented in the present paper in order
to understand the palacoclimatology and palacocnvironmental aspects. The porous, (inc-medium grained, miliolitic
limestone  display large-scale cross-stratification with high angle fore sets dipping chiefly to landward. The
benthonic foraminifera-dominated limestone, a3 pelletal packstone-grainstone, is characterized by early stage cement
and other diagenetic fabrics charazteristic of vadose zome involving dissolution, cementation, neomorphism and
micritization. Critical evaluation of the field data compositioral ard diagenetic characteristics points to a Middle
Pleistocenc high sea {+25 m asl) which subsequently regressed (o a low level (-100 m bsl) at the closz of
Pleistocens manilest by the reworkung and sub-zzrial eaposure ol i carbonates and subsequent action of metsoric
diagenelic processes. [
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tundreds of thousands of meters. By contrast, the
cemand that subaerial exposure was necessary for
cementation required that penerally subsiding sea
fioor be exposed periodically 1o fresh water. One
way 10 reconcile these conirasting processes was

INTRODUCTION

vident

e
ne

Natural variations in sea-level arg
over a large range of time and space, from
pulse of diurnal tides to globally coherent variations

in sea level occurring over many millenaia. On  to suppose that the sea floor or sea-level
the geologic time scale, evidence from coral reefs.  altermatuively rose and sank (Friedman and Sanders,
oxygen isotopes and other records suggest globaly 1978}

cohereat comnections  berween chimate and se2

level. Variation in climate has causal connecticns Although there are many factors which
with the geological, biological and hydrological  determine the naiure of carbonate formation,
processes  that  affect sea-level. The fluctuation  geotectonics and climate together control the sea
of sea level in association with the transitions level.  Clumate along with geotectonics is also
betwesn cold glacial and warm interglacial periods Important in  determining  water  circulation,
is the most obvious mainfestation that is evident ‘emperature, salinity, onutrient supply, turbulence,
over many glacial-intergiacial cycles spanning storm and tidal current stregth and wave velociry.

millions of years (Warrick, 1993). The Quaternary
Era is distinguished by widespread sedimentological
and biological evidences of climatic and sea level
fluctuations. Evidence based on stable-isotope
composition, textures, mineral composition and
microfacies characteristics of the limestones suppors
the conclusions that many marine limestones of
Quaternary age became rocks when their particles
were subaerially exposed. Many marine limestones,
whose anteceden! sediments were deposited in
shallow marine waters, occur in successions that
are many times thicker than the inferred depth of
water in which the original carbonate sediments
were deposited. Such relationships require us to
infer that the sea floor subsided through many

Rises and falls in sea-level also have implications
for the disgenesis of carbonates, especially in the
degree of subaerizl exposure and meteoric
diagenesis.  Therefore, the present work based on
the study of the various microfacies and diagenetic
characteristics of Quaternary carbonates has been
utitized in order to understand the fluctuation of
climate and sea-levels during the Pleistocene along
the Saurashtra coast. .

Examples of Quaternary carbonate deposits
oceurring as transverse dune ridges parallel to the
shoreline are known from Bermuda, Bahamas,
Yucatan, Spain, Mediterranean Coast, Trucial Coast,
India, etc. {Fig.1). These rocks forming a
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conspicuous facies of Pleistocene and Holocene.
are better referred to as Carborate Aeolianites
(Scholie et al. 1983). The Gujarat Coast comains
some exceilent outcrops of such carbonate rocks,
known as “Miliolitic Limestone™, beiorging to
Middle to Late Pleistocene Period.  The vaned
field and textural character of these rocks provide
a wealth of information on the Quaternany chimate
and sea-levels and awracted the attention of mary
earth scientists (Glennie, 1970, Verma and Mathur,
1978; Merh, 1992). In al! about 200 thin sections,
made out of the samples coliected from al! the
localities along Saurashtra Coast from surface
exposures and quarry sections, have been examined
for their composition and diagenetic characteristics

area of

These rocks, exposed over an
approx.5,300 sq.km. form a series of ridges parallel
to the coast (PLI; Fig.l) and extend land-wards up
to an elevation of about 2§ m with highiy variable
thickness and are seen resting on sheil limsstone
(beach rtock). The porous, fine-medivm greined
limestone display large-scale cross-stratification with
landward dipping high angle fore sets {PL1:Fig.2)
Palacocurrent anafyses indicate a SW o NE

movement of the sediment ransport (Mahender,
1956). The tops of carhonates show karst erosion
‘minikarst-Piate-1:Photo 4&35) and develepment of
soiy or hard, cense caliche crust. “C and ™Th/
U dates (Baskaran. 1986 and Somayajuly, 1993}
indicatz broad age range of 30-235 kyrs. The
fieid evidences and grain-size textural parameters
suggest a {luctuating shallow marine-beach-coastal
dune depesitional environment. Possibly, the
[imestone particies have originated in a shallow
marine setup during high sea level and subsequently
with progressive regression of the sea are exposed
1o the reworking by winds and redeposited as
miliolite rocks which have subsequently undergone
meteoric diagenesis (Mahender, 1996).

MICRGFACIES AND DIAGENETIC
CHARACTERISTICS™

Petrographically these rocks, described as
biosparite to biopelsparites (pelletal packstone to
grainstone) with a variety “of allochems cemented
together by sparry calcite, are comparable with the
SMF-11 and SMF-18 of Wilson (1975).
Allochems  including  the skeleral  particles

[
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Plate-1

tMagmificalion of phiotmicrographs ~40X. otherwise meanones)

1. Carbhonate aeolianile ndge paralieling the southemn Saurashira
“Coast.

2. Photograph displaying large scale cross-bedding
charactezistic of Acolianites.

3. Photomicrograph exhibiting the dominant feraminiferal assem-
blage varying from broken to well preserved tests

4
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Photomicrograph displying the various skeletal allochems
(mollusc, drachicpod, forams et} set in a spanmy calcitic
cemznt.

Photemicrograph tepresenting the echinaid skeletal allochems.
Also seen in the center, two ccment generalions onc of
which is isopachous cement wih a radial fabric and the
other one is a drusy mosaic of spamy calcite.
Photomicrogragh displaying trsasverse section of a bryozoan
bioclast and syntaxial growik of ¢chinoid skeletal element
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Fig.2 Vertical Relationships Between Grain Textural Attributes and the Parameters of the Depesitional Environment

{forminifera mollusca, brachiopoda, bryvozoa, 3 '50(1‘50713:1

echinoderm, algae and corals) arnd ron skelstal é’!;j“'u{.:]‘ y i iy 4

particles (pellets, oolites, aggregatz grains, intaclasts |5 ‘
and detrital materialsy are in medium to fine sand i
range and generally moderate w0 well rounded. L'J“—T
The skeletal allochems vary from <10% to 50% %-]l-lﬁ
ard comprise well preseved tesis of forams and
broken fragments of diverse fauna and display
varying degree of abrasion and rounding. The
aliochem composition has a striking similarity with
present day unconsotidated beach and coastal dune
sands and can be comparable o foramol association
characteristic of temperate carbonates. The detailed

.

FHE

nature of occurrence and character of individua!

allochems is given in Table .1, The vertical 1 L
variation of textural parameters of the allochemical

constituents (Fig.2) and selected chemical efements Fig.3 Verticel Yariatioo gf Selected Chemical Elements
(Fig.3) clearly suggest a flucruating condition of af Miliotic Limestone Diu

the sea with varying energy conditions. The Diag:‘nf’.lica”}, these roeks  are

orthochemical constituents of these rocks inciude
various pore filling and neomorphic spares
coosisting of fibrous/drusy calcite, coarse sparite
and micrite seen in the form of isopachous rims,
syntaxial over growth, meniscus and dripstone F > of ¢k
varieties etc. In composition, the carbonate fraction —cementation, neomerphism, micritization and
of these rocks consists mainly of calcite and compaction. The various diagenetic features
aragonite. observed in these rocks include (i) a thin layer of

characterized by earhy stage cements {meniscus or
grain-contacl _cement gravitationa or pendulous
cements) and the diagenstic fabric characteristic of
vadose zone involving processes of dissolution,
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Tabde-! Microfacies characterizons aud cavieonmental interpretations

Limestone Nutwe of Prescovation Lowronmental lvopretatons Comsituents

Foraminifers Roproen domirant denthonie ind & fow plankzonic forms belongrg © Roulid, Mitiolid,
Textuleridae and Globigarinidae funfiea, we commonly well prescrved 13 endti
chambered aithough the chumben we deached in some and intenor of chamben is filed
with spanteimicrite. (PL1: FigJ)

Abundant benthonic forams, their sbraded manwe b indicazive
of Kigh wnergy thaflow waie arvirormant

Moluses Peecyped and gutropods are som w broken Fragments wath thew chariterite tunellar, The fragmemod and sbraded beoclans imdscase Mgh tnergy
foliating shell wall suvctures The original wagomue wall suaure | somc sumples i condinons
neamorphosed 1o taicte spur (PLI; Fig ¥)

Brachioped  The skeletl clements are nommally wed preserved because of ther laa-Mg Presence of rofien bioclans 1o mucdic rimmed grains i
cakite thell mincralogy. (PL i; Fig 4} 030 indicstve of shallow water depths

Echinoderms Represcated by random wices Uwongh piates and apincs, have been  ddenciied a1 ninglc Sugmficant smount of reef burlding (conls) sad non-tkelewd
arysiali of calzite The plates thoush excoeding'y organsms porous, we ofien well pan.cies e indicative shelf ausociston ehuraassisic of mb
preserved due 1o theie sable Low M3 calone runestiogy Synlaval gty an the wope
the plates 15 8 common festare (71 1 Fig 5y

Beryozos Ase fepresentes by polymorphc futes of vanous widlh and wih tes wiregement The nesr sphencal, dighly roundad and abraded nature of
in e aoal srfice of the wann Eacept for filliag of 2ores ihe Mwcrsans Mave nat brexclasts
whered wny covious dagencic Lienuon suggests consdenable tomtreng (PLI, fig 6

Peicts Rasging in fize from 10 10 200 Turoas Mave 3 uniform amcea w4 lengthao Tn generd the nlochem composuion 15 compenble 1o forumol
vadth o of 21 and vary from 1G9 10 40%. These we wsudly s cersalehipucal,y s3scciaton chartclensiic 0f fempenate dimass
wedrounded, ofien with tun cak nm which helps 10 define o Yourdares of pelley
in mecnic mam (P12, fig 1}

Agzgregue  Scamered aggregare Bruns fesembing 10 Rrapesiont Wmps WOMEUTI oaitd acth Moz The perographis componion of the carboczes clearty mugges
envelogs are notced consisting shuinaied peilets. bioclanis anl 1 dcintal materisis s shalow beach J dune
The cemeaung mutenal wiitn e azgivunated panuces o nmily < Zat of whole rock

Oaics Myt Wyered as weil a3 superhasi ooids dre presea: in huving toacvery lge nucleiut The bmesione puticles originaled in shaliow ourine wasers
wheh is uiotlly & mentic pefe. QU grmin of biociast  Sueme mmpies thow duding Ngh sca-levels we expased to rrworung by winds
spansely distrbuted ooliies with wed) prese~ved concentnc and mfa mroctures The dunng subsequent regreasion and have been redeposited s
ingividua) laminse of the ooics mnge from 2 10 ISmm i thickacs and e corex of miiiohce tocks
wme 8oy 15 pannllyrwtoily low due 10 wagenens (P12, Fig 1y

Cortoidy Some grans with celatvely Uun tucric COMIAZS PrEsErvrg in Me case the .acernal

Sructures e idenufied 11 conosds, onginated prodably. duc 1o decompoution of indigenous
orginic muirer and smulitiseous feplacement by micnte and cliv-gxsd curbomle parucies
Pl (g2}

Non<arborateThe dewngd temgenous matcrals mch a abgusdant quartz and b foe graes of fedspar,
partcles pyrorene, nd roce Fagmenis of basilt 4pd QUILEZIE constlvie U eon-clbonate sant silt

fracuon

(v} neomorphic processes (calcification,
micritization) represented by diagenstic siructures

tightly packed needle-iike calcite crystals that grew
normal to the graintsurface and projecting outward

into the intergranular pore space (PLL; Fig.3),
forms a rind approximately. 100mm thick, (i) in
some samples this coat is followed by blocky/
drusy cement which in tum is separated by vadose
silt, (iti) Syntaxial _erowth of calcite on early
formed grains documenied for single crystals of
echinoderm (PL2; Figs. 3 and 4) fragments formed
due to the development of large optically
continuous crystals, (iv) large scale development
of caverns and pot holes in the miliolitic limestore
related to the dissolution process (PL.2; Fic.6).

composed of calcite prisms arranged in spherical,
elliptical, bodies (PL2; Fig.5) which can be
compared with, Microgodium as described by Ward
(1975) and Calvet et al. (1975). These according
1o Klappa (1978), are spherlzal swuctures with
radiating calcite prisms produced by the
calcitization of microhizal associations and
commonly in_ aeolianites and calcretes and
(vi} occasional instances of compaction evidenced
by breakage/telescoping of some grains, tangential
{ truncated contacts, and overpacking (P1.2; Fig6).

see
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Plate-2
(Magnification of phiotmicrographs 40X otherwise mentioned) & phiomicrograph displaying gravity (and/or meniscus) ce-
. Photomicrographs displaying the non-skeletal framework N : )
clements {pellcts, oolites etc.} of carbenate aeolianites. ments .
Micritization of oolites, bioclast to pellet rransformation is S. Sparte cements and possible root void (microcodium) filled
also observable.
2. Aggregate grains also with some non-carbonate terrigznous

with radiating prisms arc observable in the section.

particles of cherty quartz present in the limestone. &, The effects of compaction (telescoping of oolites, close
3. Photomicrograph presenting the significance of micrite packing) and sclective dissolution ocids exhibited by the

envelop in preserving a sparite filled molluscan fragment R

during diagenesis and syntaxial rim cementation of echinoid carbonate acolianites.

skeletal elements.
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PLEISTOCENE 3EA LEVELS OF GUJARAT COQAST

2N T Falr bridge , 1978
~
TYRRHENAN 1o
"N HOKASTERWE _ —{+25m. Middle Pleistocene
0 5 HighSealewe
E
£
£
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WUAM
. Low Sealewel
[200 000 100 000 0
YEARS B.P

Fig.d Fluctuating Pleistocene Sea Levels Along Gujarat
Coazst, Superimposed on the Sey Level Curve of
Fairbridge, 1961

IMPLICATION OF CLIMATE AND
SEA LEVEL FLUCTUATIONS

The quatermary Period is characterised by
climatic variations, mostly related to the alternating
world-wide glacial and interglacial stage which
ultimately are responsible for eustatic sea-level
changss. The various sea-level curves generated
for specific areas are found to be useful in
reconstructing global scenarios. Fluctuating
Quatemary climate and sea level signatures are
well recorded and are revealed by various field
and laboratory features. Merh (1987, 4992) provides
an exhaustive review of the sea-level changes along
Indian Coastline. The flucruating condition of
clinate and sea-levels along Saurashtra Coast is
clearly evidemt from Fig.2. The interpretations
derived out of the present study are in agreement
with those of other works.

The predominant accurrence of smectite
group of minerals in the clay fraction of alluvial
deposits and the presence of pedogenic carbonates
within the fluvial -deposits suggest a semi-and
climate, with a mean annual rainfall of little less
than 700 mm (Lele, 1975). The micromorphological
characters such as haematitic coatings on weakly
weathered homblende and plegioclase grains and
dissolution features of these rocks atwibuted to0 a
semi-arid climate of Middle Pleistocene Period.

Petrographic composition of miliolitic limestone is
similar o temperate carbonates with sea water
temperature  fluctuating  between  0°-15°C
(corresponding to Middle Pleistocene High' Sea).
The textural characteristics, mineralogy, and
diagenetic observations (early diagenetic vadose
cements, cement geomelry, microcodium, dissofution
features etc.) suggest an arid to semi-arid climatic
conditions carresponding to the regressive phases
of the High sea. The petrographic and mineralogic
observations suggest flucivating climatic conditions
rom temperate (at the time of their initial
formation of particles) to semi-arid conditions of a
sub-acrial cnvironment during which the particles
have been rewarked by wind and rain water 10
give rise the present sctup. Reworking of the
these sediments is supported further by the surface
textures of quartz and forminiferal tests (PI-2,
Figs.5 and 6)

" The occumence of the Miliolitic rocks at
various heights prompted many workers to invoke
a succession of high strandlines during the
Quaternary. Verma and Mathur {1978) recongnized
five levels and corrclated them with the world-
wide eustatic high sea-levels of Faribridge (1971).
Merh (1977) came to the conclusion that the high
sea responsible for the deposition of the miliolitic
limestones had never risen to these heights. In
the absence of isotopic data it was assumed that
this high strandline dated back to Early Pleistocene
was rtepresented a regression to a depth of -20 m
during Late Upper Pleistocene.  Patel (1991)
provides evidences of a +20 m to +25 m high
strandline corresponding to Miliolite formation.

The marine natwe of the carbonates as
evidenced from field and laboratory study and the
occurrence of beach rock at the base of limestone
up to 25m altinude suggest their formation during
the Middle Pleistocene transgression when the sea-
level was +25m asl (Fig.4). The submerged
miliolites and ‘sandy * ridges and the gradient
configuration af the Present outeg continental shelf
clearly indicate that subsequent regression of the
sea exposing major part of the limestones for sub-
aerial processes. The various diagenetic features
and fresh water cementation of the miliolitic
limestone clarly suggest their sub aerial exposure
after the formation of the constituent particules in
shallow marine environment. The depth up to
which these rocks occcur below the present sea-
level can be related to low stand line during
which these rocks are subaerially exposed. The
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various evidences in favour of fluctuating condition
of Pleistocene sea are listed in Table 2. Based
on the observations made in the present work and
the other evidences (Table 2) a low strand line of
-100 m bsl at the close of Pleistocene can be
sugfested.  Therefore the petrographic smudy of
these confirms the Middle Pleistocene +25 m high
strandline and a Late Pleistocene -i00 m low
strandline. These #wo levels are comparable with
the published strandline curves (Fairbridge, 1960,
1961, Shepard and Curry, 1967) related 1o Middie
Pleistocene transgression and Late Pleistocene
regression corresponding to interglacial and glacial
periods respectively.

phases of Middle Pleistocene high Sea. The
progressive regression of Middle Pleistocene high
sea synchronized with glacial stage marked by
semi-arid dry climate exposed enommous amount of
beach and littoral sands to reworking by SW-NE
onshore wiads and rain waters resulting the
deposition of the carbonate sediments. Subsequent
humid phase and fresh water diagenetic processes
in a vadose environment resulied in consolidation
and cementation of the miliolitic limestone. Present
stuéy supports the Middle Pleistocene High sea-
level (+25 m asl} which progressively fell down
10 -100 m bsl by the Close of Pleistccene.

Table-2 Envidences of fluctuating condition of Pleistocene sea along Saurashirs Coast

Evidences in favour High Suandine

Evidences in lavour Low Strandiine

1. Locaton of alluvial pfains at around 20-30m I
all along the south Saurashura coast resulted
probably due 10 combined fluvial and coastal
masine processes (Patel, 1991)

Submerged terraces on the western continental shelf of
Incia ar degths of -92, -84, -71,-65, -35 and -31 meues
promunent of these is Tifty fathom flat (-90m terrace)
(Nair. 1975, Wagie et al 1994)

[

Fan shaped drairage pattern of river channels .
and alluvial depesis at around 235-33m contours
and straight coursss until they mezet the present sea

Rehict carbonaie sand zone cors:sting of coated grains,
ooids, benthic foraminifers of shallow water crigin and
large foraminifera encrusied with intertidal bamacles at
the depth of 63-50m {Hashmi & Nar, 1976: Chavhan &

Almerda, 1993)
3 Relict alluvial patzhes and terraces elc 3 Presence of beach rock at 91m depth and oolitic lsme-

: stones at 93m depth showing vadose diagenctic textures
indicates the subasrial condition of preseni-day outer
continenial shelf dunng Pleistocene glaciation
(Rao et a. 1990}

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

3. Presence of caliche pisclites (of Late Pleistocenc) on the
westem contirental sheif of India (Rao, 1990} characteriz
ing semi-arid climatic conditions with moderate rainfall.

CONCLUSIONS ACKNOWLEDGEMENTS
The fluctuating Quaternary climate and sea
levels are well reflected in the variation of textural The present work forms a part of the

and compositional attributes of the Miliolitic
Limestone. The skeletal composition, excellent
preservation of pellets and some of the fossils,
and the presence of broken as well as intact tests
of the forminifera with varying degree of abrasion
leading to micritization and peloid formatioa clearly
suggest the influence of coastal eolian, beach to
shallow marine transportation and depositional
processes. The rocks represent reworked ancient
biogenic beach sands generated during regressive
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