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Moderately preserved shallow-marine extinct, fossil benthic community has been recovered from a
sub-surface Late Palaeocene limestone cave section near Lumshnong in the Jaintia Hills, Meghalaya, NE
India. The present contribution focuses on the ecostratigraphic implications of the carbonate microbio-
facies based on the evaluated facies gradients. Precise field assessments and microscopic observations led
to the identification of three microbiofacies: benthic foraminiferal–algal grainstone, coralline algal
framestone and oolitic grainstone–packstone. The microbiofacies distinguished in the study suggest a
general shallowing-upward trend from an inner shelf setting to a lagoonal–shoal environment depicting
the distinct changes in the benthic community. Presence of coralline alga Distichoplax biserialis and
benthic foraminifera Idalina sinjarica, Daviesina khatiyahi, Miscellanea primitiva, Rotalia trochidiformis
and Vania anatolica assign the studied carbonates to Early Thanetian (SBZ 3) corresponding to the lower
part of the Lakadong Limestone. In this study, ecostratigraphy has facilitated the classification of a single
carbonate section corresponding to a solitary shallow benthic zone into multiple microbiofacies attributed
to variable environmental depositional conditions. This clearly demonstrates its potential in improving
the applicability of biostratigraphy worldwide.
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1. Introduction

The Palaeogene marine successions outcropping in
Meghalaya, NE India are characterized by multiple
carbonate units ascribed to the Sylhet Limestone
Group (Jauhri and Agarwal 2001; Matsumaru and
Sarma 2010; Sarkar 2015a, b). This region was
palaeogeographically located in the eastern part of
the relic East Tethys (or Neo-Tethys; Stampfli
2000; Boudagher-Fadel et al. 2015). The Palaeo-
cene–Eocene carbonate facies pertaining to the
Meghalaya outcrops are dominated by calcareous
algae and benthic foraminifera examined by virtue

of several biostratigraphic and palaeoecological
analyses (Jauhri 1994, 1997, 1998; Jauhri and
Agarwal 2001; Jauhri et al. 2006; Tewari et al.
2010; Sarkar 2015a, b, 2016, 2017a, b, 2018, 2019;
€Ozcan et al. 2018).
Ecostratigraphy (ecosystem stratigraphy) is a

very important but lesser investigated sub-
discipline of stratigraphy worldwide in comparison
to lithostratigraphy, chronostratigraphy and bio-
stratigraphy. The ultimate objective of any branch of
stratigraphy is time-correlation of rocks. Ecostratig-
raphy does not involve any new principles, but
attempts to collect data pertinent to taxonomy,
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biogeography, ecology and evolution of fossils from
any bed/lithounit and combine them with inputs
from other disciplines like sedimentology. This aims
to reconstruct a palaeoecosystem with the prospects
of a better eco-environmental correlation of the rocks
(Waterhouse 1976; Hoffman 1981; Boucot 1982;
Cooper 1999). It is actually ‘the natural development
of biostratigraphy’, to provide palaeoecological
impetus to the temporal subdivisions of the fossil
record aimed at analyzing geobiological evolution
(Martinsson 1973; Boucot 1982; Sokolov 1988; Ol�oriz
et al. 2008; Nikitenko et al. 2013; Xue et al. 2018).
Understanding the ecostratigraphic trends put for-
ward critical information regarding fluctuations in
the biotic composition, and thereby the overall
ecology of a particular area or region which is sig-
nificant in deciphering the factors governing the
palaeoenvironmental dynamics and basin evolution
(Sokolov 1988; Ol�oriz et al. 1995, 2008).
Biostratigraphy is well recognized and widely

applied in case of fossil studies, mainly demarcating
assemblage and acme zones with the objective of
time-correlations. However, the biozones (or biofa-
cies) as determined from biostratigraphy cannot
always present comprehensive counterparts to the
larger-scale lithofacies. A number of correlative fossil
communities are often included in a single biozone
although each individual community could be trea-
ted as a separate zone (Waterhouse 1976). Each fossil
community has different limiting factors involved in
its development, like water-depth, nutrient regime or
substrate morphology. Each phylum or taxon has its
own independent geological record and do not nec-
essarily correspond to each other in a common
assemblage or biozone. A sequence of strata may be
characterized by several flora and fauna of different
classes, orders and families, representing remnants of
numerous fossil communities. These communities
have obviously been subject to various biostrati-
nomic and taphonomic influences that are difficult to
estimate on several occasions. This brings possible
discrepancy when separate fossil communities are
categorized into one biozone only because they share
a sufficient number of species to compose a particular
assemblage zone or some representative index species
are present to designate an entire range zone. Abrupt
changes in the palaeontological datasets can be due
to human errors as well as naturally imperfect
sedimentary records.
However, it should be the aim and objective of

every palaeontologist to present time-correlation
data with the maximum possible accuracy.
Well-defined biozones should definitely include a

minimum number of fossil communities, to put
forward an adequate representation of biota per-
taining to different sub-environments. Substandard
sampling and study of limited outcrops or restricted
communities only represents indiscrete biomes or
floral/faunal provinces, finally leading to an incom-
plete biozone. This deprives us of a balanced time-
correlation and therefore, biostratigraphy must be
studied in tandem with ecological data (ecostratig-
raphy) to fill these gaps in our understanding of the
fossil record.
Despite a rich lineage of carbonate systems

dating Precambrian to Recent, to date there has
been no emphasis on ecostratigraphic evaluation of
carbonate systems from India. The present con-
tribution constitutes the first ecostratigraphic
analysis of calcareous algal–benthic foraminiferal
assemblages from the Late Palaeocene carbonates
of the Lakadong Limestone, focussing on the
changes in microbiofacies types. This study aims to
relate the switching of carbonate microbiofacies
types to reconstruct the development of the local
study area during the Late Palaeocene. To support
the ecostratigraphic interpretations, general bio-
stratigraphic and taphonomic perspectives of the
recorded assemblages were also evaluated in brief.

2. Geological setting

The state Meghalaya, situated in northeast India is
known for numerous pre-historic caves spanning
across the Jaintia, Khasi and Garo Hills. Most of
these caves are pristine with respect to negligible
micropalaeontological studies carried out to date
and constitute an exceptional archaeological her-
itage. Abundant Palaeogene carbonate successions
spread over Meghalaya imply for several unac-
counted Palaeocene–Eocene limestone cave sec-
tions belonging to the Sylhet Limestone Group that
have significant potential to contribute to the
regional biostratigraphic data and palaeoenviron-
mental reconstructions.
A very widespread and extensive phase of marine

transgression regulated the deposition of the Sylhet
Limestone Group during the Early Palaeogene
(Jauhri and Agarwal 2001). However, intermittent
periods of increased clastic supply and shallowing in
theEarlyEocene interrupted theprocess of carbonate
deposition (Jauhri and Agarwal 2001), resulting
in the occurrence of several sandstone and car-
bonate–siliciclastic mixed beds within the Sylhet
Limestone Group all across Meghalaya. The Sylhet
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Limestone Group includes three carbonate units;
Lakadong Limestone, Umlatdoh Limestone and
Prang Formation in ascending chronological order
intercalated with the Lakadong Sandstone and
Narpuh Sandstone units (figure 1). The Sylhet Lime-
stone Group is underlain by the Therria Sandstone
and overlain by the Kopili Formation represented by
shale/sandstone alternations (Jauhri and Agarwal
2001; Jauhri et al. 2006; Sarma et al. 2014). Nagappa
(1959) presented a subdivision of the Sylhet Lime-
stoneGroup, basedon the studyof randomly oriented
thin-sections emphasizing on the analysis of the lar-
ger benthic foraminifera (LBF) for biostratigraphy.
He correlated the limestone units of the Sylhet
Limestone Group with the Ranikot, Laki and Khir-
thar (=Kirthar) stages of Pakistan. Several Tethyan
LBF (Hottinger 1960; Hottinger and Drobne 1988;
Racey 1995; Matsumaru 1996) have been reported
from the Sylhet LimestoneGroup that has resulted in
precise correlations with the European stages (Jauhri
1997, 1998; Jauhri and Agarwal 2001).

3. Materials and methods

The present study concentrates in a cave section
(92�22.60E; 25�10.80N) in the vicinity of Chiehruphi
village inKhliehrat block, on theNationalHighway 44
(NH-44; Jowai–Badarpur road transect) in the Jaintia

Hills, Meghalaya (figure 2). This belongs to the
Synrang–Pamiang cave system and situated north of
the road transect from Chiehruphi village to Musian-
glamare on the NH-44. Owing to constant water
seepage in the cave rocks, the limestones of the studied
section suffered from fair degree of leaching. The fos-
siliferous limestone samples were collected from a
measured section pertaining to an outcrop close to the
main entrance of the cave. Due to objection from the
local village inhabitants, any sampling from interior
portions of the cave was avoided. 28 samples were
collected (figure 3) and 62 petrographic thin-sections
(*3.0–4.0 9 2.0–2.5 cm) were prepared for the eval-
uation of the carbonate textures and the correspond-
ing microbiofacies components. Two thin-sections
were prepared from each sample but six samples
characterized by robust algal framestones were used
for preparing extra thin-sections to further examine
the frame-building corallines. Relative abundance of
the skeletal components corresponding to the car-
bonate microbiofacies was studied in the thin-sections
by imageanalysis andmeasuring theproportional area
occupied by each taxon relative to the total biotic
population (Perrin et al. 1995). Carbonate textures
have been assigned on the basis of classification
schemes proposed by Dunham (1962) and Embry and
Klovan (1971). Growth-form terminology for the cor-
alline algae is based on the work of Woelkerling et al.

Figure 1. Stratigraphic column highlighting the Sylhet Limestone Group (modified after Jauhri and Agarwal 2001).
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(1993). Taphonomic aspects in the current study have
beenevaluated followingNebelsickandBassi (2000) to
understand the roles of abrasion (transport and/or
sediment agitation), fragmentation (production of
maerls or unattached corallines usually formed from
original rhodolith branches), disarticulation (phe-
nomenon associated with geniculate corallines perti-
nent to the post-death decomposition of decalcified
genicula) and bioerosion (signatures of bioeroders like
gastropods brought about by surface grazing and
endophytic bioerosion boring) in the depositional
environment. Examination of the thin-sections was
carried out under Olympus BX 50 plane light micro-
scope and photography of the microbiofacies
types/components was done with Olympus PM-20
Exposure Control Unit.

4. Results

Based on the field andmicroscopic observations, three
major microbiofacies are recognized in the exam-
ined limestone profile: benthic foraminiferal–algal

grainstone, coralline algal framestone and oolitic
grainstone–packstone. Photomicrographs showing
various microbiofacies and important biotic com-
ponents are displayed in figures 4 and 5. Each
microbiofacies is described on the basis of types,
abundance and frequency of the biotic components
and texture of the rocks. Thereafter, the related
sedimentary environment is interpreted to desig-
nate the ecostratigraphic characteristics. Major
alterations in the microbiofacies types and principal
biogenic components within the studied profile
enable precise ecostratigraphy. In addition to
these major facies types, rare occurrences of mud-
supported wackestones and mudstones are also
recorded in the study material.

4.1 Microbiofacies 1: Benthic foraminiferal–algal
grainstone (figures 4a–d; 5d–f)

This microbiofacies is recorded from the lowermost
part of the studied profile (figure 3), measuring
*1.15 m in thickness. Benthic foraminifera \ 2

Figure 2. Maps of (a) India (in the inset) with part of Meghalaya highlighted to show the location of the study area (not to
scale); (b) Geological map of the study area in the Jaintia Hills (modified from Dutta and Jain 1980).
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mm (22%; Miscellanea primitiva, Rotalia trochidi-
formis, Daviesina khatiyahi, Vania anatolica, Ida-
lina sinjarica, Quinqueloculina sp., Triloculina
sp., Biloculina sp., Periloculina sp., textulariids
and other unidentifiable agglutinated and rotaliid
forms) and coralline red algae (18%; lithophylloid
Distichoplax biserialis, geniculate Jania sp. and
Corallina (?), several unidentifiable geniculate and
non-geniculate thalli in form of debris and small
branches) represent the main biotic components of
this poorly sorted microbiofacies in association
with rare bivalve, gastropod, molluscan and bry-
ozoan fragments, larger benthic foraminifera ([2
mm), small echinoderm plates and spines, micri-
tized intraclasts, ooids and some non-recognizable
coated grains. The components of the algal debris
and the small coralline branches are hard to
distinguish even up to the subfamily or generic
level. Majority of the corallines (65%) and
benthic foraminifera (73%) are influenced by
abrasion, fragmentation and disarticulation
(applicable only to geniculate coralline algae).

Interpretation: The biogenic assemblage sug-
gests deposition in a shallow, proximal inner-shelf
warm marine environment characterized by
moderate- to high-energy conditions. Strong
hydrodynamic energy is reflected primarily by
the significant quantities of abraded and frag-
mented coralline algae and benthic foraminifera.
Common incidence of fragmentation, abrasion
and disarticulation in combination with complete
absence of biologically-induced taphonomic pro-
cesses like bioerosion and encrustation indicate
rapid burial of the skeletal grains and also pos-
sible allochthonous nature of the deposits (Che-
laru et al. 2019). Rare occurrence of larger
benthic foraminifera indicates unfavourable
physical conditions like depth, wave energy etc.
and/or insufficient quantity of available light for
the symbiotic association between larger benthic
foraminifera and algal endosymbionts (e.g., dia-
toms). Since there are several records backed up
by numerous evidences in support of shallow-
marine inner shelf systems characterized by

Figure 3. Lithocolumn of the carbonate profile indicating the samples collected, schematic representation of the dominant biota
and carbonate textures with arrows marking the change in microbiofacies types applied for ecostratigraphic analysis.
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simultaneous occurrence of coralline red algae
and larger benthic foraminifera (Zamagni et al.
2008; Sarkar 2015a, 2018), the rare record of LBF
in this shallow environment can be due to higher
nutrient regime (eutrophication) that possibly did
not allow sufficient light to penetrate the water
column. Biostratigraphic assessment of the
assemblage based on coralline Distichoplax bise-
rialis (Sarkar 2018) and the identified benthic
foraminifers reveal that these organisms thrived

in this depositional environment during the Early
Thanetian (Shallow Benthic Zone 3; Serra-Kiel
et al. 1998) representing the lower part of the
Lakadong Limestone. Vania anatolica, an agglu-
tinated foraminifer identified by Sirel and
G€und€uz (1985) from the Thanetian of East Tur-
key is reported for the first time from the Indian
subcontinent and presents an important contri-
bution for the assignment of this microbiofacies
to SBZ 3.

Figure 4. Photomicrographs displaying the major microbiofacies types and important biotic components. (a) Foraminiferal–algal
grainstone with Rotalia trochidiformis and multiple filaments of Distichoplax biserialis. Sample no. CH 1. (b) Idalina sinjarica,
other benthic foraminifera, geniculate and non-geniculate algal fragments with debris material. Sample no. CH 4. (c) Larger
nummulitid with abundant algae, foraminifera and unidentifiable microfossils in grainstone microfacies. Sample no. CH 7.
(d) Vania anatolica with coralline algae fragments in grainstone matrix. Sample no. CH 1. (e–f) Oolitic grainstone–packstone
with varieties of recrystalized coated grains and algal protuberances in grainstone matrix. Sample no. CH 23. Scale bars: (a–b)
300 lm, (c) 2 mm, (d–f) 500 lm.
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4.2 Microbiofacies 2: Coralline algal framestone
(figure 5a–c)

This microbiofacies is distributed in the middle
part of the studied profile, measuring *2.45 m in
thickness (figure 3). The major biogenic compo-
nent of this microbiofacies is represented by
robust colonies of coralline red algae (*70%)
with arborescent and lumpy growth-forms. The
commonly applied diagnostic criteria imperative

to the identification of fossil coralline algae like

type of conceptacles or epithallial cells (Rasser

and Piller 1999; Maneveldt et al. 2008, 2016;
Kundal 2010, 2011) are not discernible in
the algal thalli. However, the growth-forms and
the morphological characteristics of the frame-
building algae show close affinity to Marinella
lugeoni Pfender 1939 (Family Elianellaceae). The
in-situ coralline algae constitute the supporting
framework of the rock with micritic matrix
occurring in the interstices between the fossils.
Cavities are mostly absent or very small, giving
the microbiofacies a relatively compact struc-
ture in comparison to the other two major

Figure 5. Photomicrographs displaying the major microbiofacies types and important biotic components. (a–c) Coralline algae
with arborescent habit (Marinella lugeoni?) forming algal framestones. Sample nos. (a) CH 9, (b) CH 14, (c) CH 15.
(d) Grainstone showing coralline algae with gastropod and bivalve shells. Sample CH 6. (e) Daviesina khatiyahi, Corallina sp.,
Jania sp. and other unidentifiable algae/foraminifera in grainstone matrix. Sample CH 5. (f) Distichoplax biserialis, various
foraminifera and echinoderm remains in grainstone matrix. Sample no. CH 3. Scale bars: (a) 1 mm, (b–f) 500 lm.

J. Earth Syst. Sci. (2020) 129:10 Page 7 of 12 10



microbiofacies. Molluscan shells, bryozoan frag-
ments, algal protuberances (warty, lumpy growth-
forms), smaller miliolids (Quinqueloculina,
Periloculina), rotaliids (Miscellanea primitiva,
Rotalia trochidiformis) and coated grains are the
secondary constituents of this microbiofacies.
Several specimens in this microbiofacies are
strongly recrystallized. Numerous wackestone
pockets are recorded in this microbiofacies fea-
turing rock debris and multiple bioclasts. Several
bioclasts have their interior filled with lime mud.

Interpretation: The large coralline algal
branches and lumps showing close affinity to
Marinella lugeoni can be categorized as primary
frame-builders based on their high skeletal vol-
ume and rigidity of the build-up composing this
facies type (Rasmussen and Brett 1985; Geron-
imo et al. 2002). Dense concentrations of these
coralline algae indicate that they thrived in a
moderate-energy depositional environment corre-
sponding to proximal inner shelf to an open
lagoon (Bosence 1983; Chelaru et al. 2019). This
carbonate microbiofacies is autochthonous and
supported by a rigid organic framework at the
time of deposition that also gives the impression
of pseudo-boundstones in the macroscopic car-
bonate fabric. Recrystallization in several speci-
mens is due to the annihilation of the original
microstructure that got dissolved and later on
replaced by equivalent calcite cement or were
neomorphically transformed to the more stable
low-Mg calcite (from original aragonite or high-
Mg calcite) without preservation of the original
microstructure during the exposure period.
Based on the carbonate fabric and biogenic con-
tent, a definite decrease in hydrodynamic energy
in comparison to microbiofacies 1 can be inter-
preted. Rare occurrence of Miscellanea primitiva
and Rotalia trochidiformis indicate depositional
environment corresponding to the Early Thanetian
(SBZ 3).

4.3 Microbiofacies 3: Oolitic
grainstone–packstone (figure 4e–f)

This microbiofacies is recorded in the upper part of
the profile, measuring *1.65 m in thickness
(figure 3). The moderate- to well-sorted grain-
stone–packstone facies is characterized by abun-
dant proportions of single (35%) and compound
radial-fibrous (28%) and tangential (16%) ooids
with other coated grains and several peloids too.

The ooid coatings are mostly formed around
bioclasts (algae, benthic foraminifera, molluscs),
other clasts (quartz grains) as well as unidentifiable
material (abiogenic?) as the nuclei. Several aggre-
gate grains are also observed in this microbiofacies.
Some coralline algal protuberances, rare Disti-
choplax biserialis, unconsolidated fragments and
unidentifiable larger benthic foraminifera (miliolids
and rotaliids) are also recorded.

Interpretation: The depositional environment
interpreted for this microbiofacies is protected
lagoonal–shoal environment indicating a shallow-
ing-upward trend. Carbonate ooids commonly form
in warm, shallow-marine environments featuring
high hydrodynamic energy, where they are sup-
plied with nuclei and supersaturated with calcium
bicarbonate (Fl€ugel 2004; Duguid et al. 2010; Liu
and Zhang 2012). However, the co-occurrence of
several aggregate grains in the microbiofacies
indicate decreased regime of hydrodynamic energy
by virtue of their deposition in a protected lagoon
or sandy shoal environment. Several conceptual-
izations have been proposed regarding the exact
process of ooid cortex precipitation and numerous
studies provide evidences in favour of the theory of
biological origin of ooids (Folk 1993; Folk and
Lynch 2001). Role of microbes has also been anal-
ysed by several workers (Gerdes et al. 1994; Plee
et al. 2008), but Duguid et al. (2010) have argued
that the action of microbes like cyanobacteria is
limited to altering the chemistry and texture of the
ooids, rather than any direct primary role in their
formation.

5. Discussion

According to several studies carried out till date,
the highly diverse oligotrophic facies dominated by
LBF in low-latitude site of Meghalaya, NE India
are well comparable to other East Tethyan sites
like the Indus Basin and Tibet (Scheibner and
Speijer 2008; Afzal et al. 2011; Sarkar 2015a).
However, the LBF-dominated facies account for
poor records in the low-mid latitude carbonate
environments (e.g., NW India, Oman, Libya,
Egypt, Adriatic Platform) as summarized in some
studies (Scheibner and Speijer 2008; Zamagni et al.
2009; Afzal et al. 2011). Taking into account the
current study from Meghalaya, the cave succession
under focus appears to be peculiar among the other
Lakadong Limestone sections or their counterparts
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in Tibet or Indus Basin for its near absence of LBF
assemblages and occurrence of well-developed algal
framestones.
The three microbiofacies represent a pattern of

decreasing water depth and hydrodynamic energy
from the benthic foraminiferal–algal grainstone to
the oolitic grainstone–packstone. From the eco-
stratigraphic assessment, a schematic palaeoenvi-
ronmental model is inferred for this depositional
setting representing the stages of community suc-
cession in the study locality during the Early
Thanetian (figure 6). A community dominated by
benthic foraminifera and coralline algae (micro-
biofacies 1) first inhabited the area that was later
colonized by robust, large-sized arborescent and
lumpy corallines (microbiofacies 2). Substrate sta-
bility is an important parameter for the develop-
ment of coralline red algae and is a function of
multiple ecological factors like substrate composi-
tion and hydrodynamic energy. Particular prefer-
ences with respect to the substrate types and
growth-forms can be associated with specific cor-
alline genera (and also species but difficult to
demarcate in fossil material) that constitute an
integral part of their palaeoecological studies
(Nebelsick and Bassi 2000; Checconi et al. 2007).
On basis of dominating arborescent and lumpy
corallines in microbiofacies 2, stable substrate with
low to medium current activity and deposition
above the fair-weather wave base is interpreted. In

comparison to microbiofacies 2, the strongly
abraded, fragmented and disarticulated corallines
in microbiofacies 1 indicate stronger currents
and/or wave agitation with a less stable substrate,
also possibly signifying complete or partial
allochthony. Later on with further shallowing and
development of a protected lagoon or sandy shoal
environment in the study locality, biogenic ooids
and coated grains dominated the niche. Factors
like time of exposure and sedimentation rate are
expected to show ascending and descending trends
respectively when testing the gradient from
microbiofacies 1 to 3. In ecostratigraphic termi-
nology, the evolution of microbiofacies 1 deposi-
tional environment represents an earlier phase of
Early Thanetian and eventually evolves into a
shallower environment pertinent to microbiofacies
3 showcasing a later phase of Early Thanetian.
The presence of Distichoplax biserialis, Miscel-

lanea primitiva and Rotalia trochidiformis in both
the first and last samples of the studied profile
confirm a Early Thanetian age for the entire
sequence. Additional records of Daviesina kha-
tiyahi, Vania anatolica and Idalina sinjarica fur-
ther reaffirm Late Thanetian age corresponding to
the Shallow Benthic Zone 3 (SBZ 3). The micro-
biofacies recorded in the present study yield low
diversity and quantities of calcareous algae and
benthic foraminifera when compared to some other
Lakadong Limestone assemblages recovered from
other sites of Meghalaya (Jauhri 1994; Jauhri et al.
2006; Matsumaru and Sarma 2010; Tewari et al.
2010; Sarkar 2015a, 2018, 2019). This low palaeo-
biodiversity may be attributed to persistent high
level of nutrient quantities or eutrophication in the
environment that did not allow sufficient amount
of light required for the proliferation of the
algal–foraminiferal communities by means of
increased turbidity in this shallow benthic envi-
ronment. Distichoplax has been reported from
another Lakadong Limestone section in the East
Khasi Hills, interpreted to have thrived in an
oligotrophic environment (Sarkar 2018). High
nutrient regime could well be the cause of unfa-
vourable environment for Distichoplax that could
not proliferate. However, high nutrient environ-
ment usually is accompanied by significant num-
bers of bioeroders which is not the case in the
present study. Therefore, this needs further anal-
ysis. Other important limiting factors responsible
for the proliferation of benthic foraminifera are
availability of oxygen (Jorissen et al. 1995; van der
Zwaan et al. 1999) that could have played a role in

Figure 6. Schematic model depicting the microbiofacies of the
analyzed profile, varying compositions of the relic communi-
ties succeeding the area and various environmental gradients
regulating the depositional ecosystem.
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their restricted occurrence apart from other phys-
ical parameters like temperature, salinity and
ocean pH. However, any accurate interpretations
on these factors are not within the scope of this
present study.
Marinella lugeoni is known only from Upper

Jurassic and Lower–Middle Cretaceous limestones
to date pertaining to various locations worldwide
including Angola, Spain and Brazil (Romanes
1916; Maury 1937; Granier and Dias-Brito 2016).
The Early Thanetian algal framestones comprising
abundant proportions of corallines showing strong
affinity to Marinella lugeoni is an interesting
observation from biostratigraphic as well as
palaeobiogeographic perspective that needs further
investigation. The extreme high abundance and
relatively compact structure of these algal thalli
does not present the likelihood of pure reworking as
a possibility for their presence in this Palaeogene
microbiofacies. Similarly, the first occurrence of
agglutinated foraminifer Vania anatolica is also
highly significant showing strong potential for
presence of a biogeographic linkage between Tur-
key in the Mediterranean region and the East
Tethys during the Late Palaeocene, as also has been
demonstrated by another case study on the benthic
foraminifer Haymanella elongata reported recently
from the East Khasi Hills of Meghalaya, NE India
(Sarkar 2019). Scarce records of these foraminifera
possibly indicate their specialist nature that
brought about limited utilisation of the resources
available in the habitat and triggered their rapid
obliteration from the palaeocommunity amidst
other generalist species that show persistent pres-
ence over longer geological range presenting sig-
natures of normal reproduction for a prolonged
period.

6. Conclusions

This study puts forward the first contribution on
ecostratigraphy of a shallow-marine shelf environ-
ment based on carbonates from Meghalaya, NE
India representing the eastern part of the East
Tethys (Neo-Tethys). In the current study, eco-
stratigraphy has enabled the reconstruction of
three sub-environments corresponding to the
deposition of distinct microbiofacies that depict
the succession of different biotic communities in
the study locality within the Early Thanetian time
slice. This differentiation would not have been
possible applying biostratigraphy alone that would

simply categorize all these microbiofacies into one
single shallow benthic zone (SBZ 3) on the basis of
coralline alga Distichoplax biserialis and the index
foraminiferal species recorded in the study sec-
tion. The succession is mainly characterized by
coralline red algae, benthic foraminifera and coated
grains. The first records of agglutinated benthic
foraminifer Vania anatolica and arborescent-lumpy
coralline algae showing close affinity to Marinella
lugeoni are important findings from this eastern
Tethyan shelf environment that entail further
investigations of this succession and possibly other
pristine cave sections of Meghalaya to provide
critical palaeobiogeographical and biostratigraphic
data imperative to the regional geology. The Early
Thanetian sedimentary succession evaluated from
the Jaintia Hills presents a shallowing-upward
trend, developing from a proximal inner shelf to a
protected lagoonal–sandy shoal sub-environment.
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