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a  b  s  t  r  a  c  t

Larger  benthic  foraminifera  (LBF)  are  significant  proxies  in biostratigraphy  and  also  act
as excellent  indicators  of  shallow-marine  carbonate  environments  in  fossil  series.  The
Palaeogene  LBF  recorded  from  Meghalaya,  NE India  (eastern  part  of  the  relic  eastern
Tethys/Neo-Tethys)  have  high  potential  for  dating  shallow-marine  sediments  and  docu-
menting  the  multiple  episodes  of carbonate  sedimentation  that have  contributed  to  the
development  of  the  Sylhet  Limestone  Group.  Early  Eocene  witnessed  the  proliferation
of  LBF  species  worldwide,  the  phenomenon  better  known  as  the  Larger  Foraminiferal
Turnover  (LFT).  Genera  like  Alveolina,  Nummulites  and  Orbitolites  with  broad  species  com-
plexes thrived  as  the  dominant  LBF amidst  numerous  other  taxa on  the  verge  of  extinction
or  only  surviving  as stable  forms.  The  current  study  emphasizes  on  the  biostratigraphic
and  palaeoenvironmental  account  of  the  early  Eocene  Umlatdoh  Limestone  successions
outcropping  in  the  Jaintia  Hills  of  Meghalaya,  primarily  based  on the recorded  species
of  Alveolina  and  other  larger  benthic  foraminifera.  Five  species  of  Alveolina  —  A. oblonga,
A.  schwageri,  A.  cf.  ruetimeyeri,  A.  aff.  haymanensis  and  A. aff. varians  are  recorded  in
the  evaluated  sections  that indicate  an early  Eocene  age  corresponding  to the  Shal-
low  Benthic  Zone  10.  Major  carbonate  facies  types  in the present  assessment  include
oolitic-smaller  benthic  foraminiferal  -green  algal  grainstone–packstone,  smaller  miliolid-
Alveolina  grainstone,  green  algal-benthic  foraminiferal  grainstone,  larger  porcellaneous
(Alveolina)  grainstone-packstone,  Alveolina-nummulitid  grainstone-rudstone,  and  num-
mulitid grainstone-rudstone,  which  indicate  a shallow  marine,  high-energy  depositional
environment  ranging  from  shoal-sandy  bars  to a  distal  inner  ramp  setting.
©  2019  Académie  des  sciences.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
ots clés :
présien
mlatdoh Limestone

r  é  s  u  m  é

Les  plus  grands  foraminifères  benthiques  (LBF)  sont  des  proxies  significatifs  en  biostrati-
graphie  et  aussi  d’excellents  indicateurs  d’environnements  carbonatés  marins  de  faible
profondeur  dans  les  séries  fossiles.  Le  registre  LBF  du  Paléogène  de  Meghalaya,  dans  le
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Grands foraminifères benthiques
Algues calcaires
Biostratigraphie
Paléoécologie

Nord-Est  de  l’Inde  (partie  orientale  de  la  Téthys  orientale/Néo-Téthys  relique),  présente  un
fort  potentiel  pour  dater  les  sédiments  marins  de  faible  profondeur  et  pour  documenter
les multiples  épisodes  de  sédimentation  carbonatée  qui  ont  contribué  au développement
du Sylhet  Limestone  Group.  L’Éocène  inférieur  témoigne  de  la  prolifération  des  espèces  du
LBF,  le  phénomène  mieux  connu  sous  le  nom  de  Large  Foraminiferal  Turnover.  Des  genres
comme  Alveolina,  Nummulmites  et Orbitulines,  avec  de  nombreuses  espèces,  prospèrent
en  tant  que  LBF  prédominants  au  sein  de  multiples  autres  taxons  qui  sont  au  bord  de
l’extinction  ou ne  survivent  que sous  des  formes  stables.  L’étude  actuelle  souligne  la
valeur  biostratigraphique  et  paléoenvironnementale  de  l’Éocène  inférieur  des  successions
de  calcaire  d’Umlatdoh,  qui  affleurent  dans  les  Jaintia  Hills  de  Meghalaya,  antérieurement
basées sur  les  espèces  collectées  d’Alveolina  et  autres  grands  foraminifères  benthiques.
Cinq espèces  d’Alveolina–Alveolina  oblonga,  A. schwageri,  A.  cf.  ruetimeyeri,  A. aff.  haymanen-
sis et  A.  aff. varians  sont  enregistrées  dans  les  coupes  évaluées  comme  étant  d’âge  Éocène
inférieur  correspondant  à la  Shallow  Benthic  Zone  10.  Les  principaux  types  de  faciès carbon-
atés  incluent  des  grainstone-packstone  à petits  foraminifères  benthiques  et  algues  vertes
—  des  grainstones  à petits  miliolidés-Alveolina,  des  grainstones  à foraminifères  benthiques  et
algues  vertes,  des  grainstones-packstones  porcelanés  (Alveolina),  des  grainstones-rudstones
à Alveolina  —  nummulitidé  et  des  grainstones  à nummulitidé,  qui indiquent  un environ-
nement  dé  dépôt  de  haute  énergie  dans  une  mer  de  faible  profondeur,  entre  hauts-fonds
sableux et  rampe  distale  interne.

émie  d
© 2019  Acad

1. Introduction

The Eocene (56–33.9 Ma)  is a critical period in the
earth’s geological history with respect to the climate evo-
lution during the Cenozoic. The Eocene environments are
defined by higher global temperatures in comparison to
other periods of the Cenozoic (Greenwood and Wing,
1995; Huber and Caballero, 2011; Zachos et al., 2008). This
epoch at the onset witnessed a distinct warming event
at the Palaeocene–Eocene boundary, better known as the
Palaeocene–Eocene Thermal Maximum (PETM) superim-
posed on a global greenhouse climate, followed by the
Eocene Thermal Maximum 2 (Wing et al., 1995; Zachos
et al., 2008). Later, the temperatures decreased to a long-
lived climatic optimum in the middle Eocene followed
by “ice-house” conditions with transient ice-sheets in the
early Oligocene (Eldrett et al., 2009; Zachos et al., 2008).
During the Eocene, larger benthic foraminifera (LBF) were
one of the most important carbonate producers in shallow-
marine tropical ecosystems (Kiessling et al., 2003; Pomar
et al., 2017). The alveolinid, nummulitid, and orthophrag-
minid species form the major basis for the shallow benthic
zonations (SBZs) with regard to the Palaeogene platform
and pelagic sequences of the western Tethys (Serra-Kiel
et al., 1998). This scheme is primarily based on the exten-
sive works dealing with the alveolinids and nummulitids by
Hottinger (1960) and Schaub (1981). These SBZs have been
applied successfully for high-resolution biostratigraphy
in various shallow-marine environments, strongly domi-
nated by LBF in the Palaeocene and the Eocene (Drobne
et al., 2011; Scheibner and Speijer, 2009; Scheibner et al.,
2005, 2007). However, studies linking and correlating these
western Tethyan SBZs to the eastern Tethyan environments

have not been carried out barring a few investigations
(Afzal et al., 2011; BouDagher-Fadel et al., 2015; Zhang
et al., 2013).
es  sciences.  Publié  par  Elsevier  Masson  SAS.  Tous  droits  réservés.

LBF are highly abundant, diverse and widely distributed
benthic groups dwelling in shallow-marine conditions
and applied as an excellent tool in biostratigraphic stud-
ies along with the reconstruction of palaeoenvironments
(Beavington-Penney and Racey, 2004; BouDagher-Fadel
et al., 2015; Matsumaru and Sarma, 2010; Özgen-Erdem
et al., 2007; Pomar et al., 2017; Sarkar, 2015, 2016, 2017a,
2019; Scheibner and Speijer, 2009; Scheibner et al., 2007).
LBF are abundant in numerous shelf carbonate settings,
covering a wide array of platform environments. A wide
range of abiotic (temperature, salinity, depth, dissolved
oxygen, inorganic trophic resources, plate tectonics) and
biotic (biogeography, organic trophic resources, adap-
tive radiation, convergent/divergent evolution, rates of
extinction) factors influence the distribution of LBF taxa,
sometimes producing an individual impact or in several
instances acting in tandem (Briguglio and Hohenegger,
2011; Hallock and Glenn, 1986; Hottinger, 1982, 1997;
Renema, 2008; Scheibner et al., 2005). LBF have been a prin-
cipal fossil group for Palaeogene biostratigraphy applicable
to the Tethyan realm, such as the Palaeogene of north-
eastern India (Jauhri and Agarwal, 2001; Matsumaru and
Sarma, 2010). Meghalaya situated in the present northeast-
ern India was palaeogeographically located at the eastern
margins of the Tethyan Ocean during the Early Palaeogene,
and acted as a site for the deposition of large volumes of
shallow-marine carbonates. Palaeontological and biostrati-
graphical studies on carbonate platform successions from
the Sylhet Limestone Group, NE India have documented
a great diversity of shallow-marine LBF corresponding to
the late Palaeocene to the middle Eocene (Jauhri, 1994,
1997, 1998; Jauhri and Agarwal, 2001; Kalita and Gogoi,
2015; Matsumaru and Sarma, 2010; Sarkar, 2015a, 2016,

2017, 2019). Although it corresponds to a very important
time slice of the geological record, the Umlatdoh Limestone
has not received substantial attention for comprehensive
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nalyses of the LBF in the biostratigraphic perspective, in
omparison to the Lakadong Limestone (lowermost) and
rang Formation (upper) of the Sylhet Limestone Group.

The major objective of this study is to provide a
rief biostratigraphic account of the Alveolina species
rom the early Eocene shallow-marine successions out-
ropping in the Lumshnong area of the Jaintia Hills in
eghalaya, northeastern India, and to make an infer-

nce on their palaeoecological implications. Hottinger
1960) presented the first comprehensive biostratigraphic
ccount of the genus Alveolina describing eight biozones
n the early Eocene (Ypresian) based on data from the
ethyan province. Another detailed analysis related to
he biostratigraphic zonation of the alveolinids was  car-
ied out by Serra-Kiel et al. (1998), describing twenty
hallow benthic zones (SBZs). The origin and diversi-
cation of the alveolinid taxa during the Palaeogene
epresent a classic example of anagenesis (evolution
ithin a single lineage) dominating over cladogenesis

branching evolutionary pattern). Alveolina has developed
 single kind of test structure related to its entire spa-
iotemporal range. Within Alveolina, one characteristic is
niform in function through geological time (shape of
hell; spire) while traits like the proloculus size and the
ndex of elongation have undergone several modifica-
ions.

This paper also presents a detailed account of the
arly Eocene LBF assemblages well dominated by Alve-
lina and the major facies types (MFTs) corresponding
o the Umlatdoh Limestone. A preliminary baseline study
f the microfacies types and Ypresian palaeoenvironment
elated to the Umlatdoh Limestone sections from this
ocality has recently been provided by Kalita and Gogoi
2015). However, there is a need for further analysis
ith respect to the critical aspects of LBF biostratig-

aphy and palaeoecology. In the present study, all the
xamined sections comprise variable species of Alve-
lina acting as important carbonate facies components.
hanges in the relative abundance of various microfa-
ies components across the evaluated successions provide
nteresting insights into the palaeoenvironmental recon-
truction of the study area. These data contribute to
he knowledge on the alveolinid and other foraminifers
ominant in the locality during the early Eocene with
recise biostratigraphic and palaeoecological implica-
ions.

. Geological setting

Assam Shelf comprises the Jaintia, Khasi, Garo, Mikir
ills, Shillong Plateau, and the upper Assam Valley,

epresenting the northeastern extension of the Indian
raton. Incessant tectonic activity along the Himalayan
nd the Arakan–Yoma fault zones, followed by the
ndo-Asia plate collision, regulated the platform devel-
pment in the area (Jauhri and Agarwal, 2001; Murty,
983). Late Cretaceous witnessed the advent of plat-

orm conditions in the region with a beginning of
andstone deposition. The clastic sedimentation car-
ied on till the early Palaeocene, but a late Palaeocene
arge-scale modification in the tectonic regime reduced
 (2019) 949–966 951

the subsidence rates that led to a significant decrease
in the clastic material supply to the depositional
area. This eventually resulted in the formation of the
carbonate platform upon which the sequences belonging
to the Sylhet Limestone Group were deposited. The car-
bonate platform persisted till the late middle/late Eocene,
when a further significant modification in the tectonic
regime resulted in a rapid inflow of terrigenous clastic
material leading to the deposition of thicker clastic sedi-
ments during the Late Palaeogene and the Neogene (Jauhri
and Agarwal, 2001).

A widespread and prolonged marine transgression
phase, occasionally interrupted by an increase in clastic
supplies and shallowing cycles laid down the deposits of
the Sylhet Limestone Group (Jauhri and Agarwal, 2001).
The depositional type in the carbonate platform environ-
ment tended to become reefal throughout the course of
development of the Sylhet Limestone (Ghose, 1976; Jauhri,
1994; Jauhri and Agarwal, 2001). Nagappa (1959) used LBF
as biostratigraphic proxies to document subdivisions of
the Sylhet Limestone Group based on random thin-section
study. He presented their correlation with the Ranikot,
Laki, and Khirthar (= Kirthar) stages of Pakistan. Numer-
ous Tethyan fauna (Hottinger, 1960; Hottinger and Drobne,
1988; Matsumaru, 1996; Racey, 1995) have been reported
from the Sylhet Limestone Group, which facilitates precise
correlation with the European stages (Jauhri, 1997, 1998;
Jauhri and Agarwal, 2001).

The Sylhet Limestone Group encompasses three carbon-
ate litho-units–Lakadong Limestone, Umlatdoh Limestone
and Prang Formation in ascending chronological order
intercalated with the Lakadong Sandstone and Narpuh
Sandstone (Dasgupta, 1977; Jauhri and Agarwal, 2001).
Sylhet Limestone Group is underlain by the upper
Danian to Selandian Therria Sandstone and overlain by
shale/sandstone alternations of the Priabonian Kopili For-
mation (Jauhri and Agarwal, 2001; Sarma et al., 2014).
Umlatdoh Limestone lies between the Lakadong Sand-
stone and the Narpuh Sandstone. Lumshnong and its
adjoining localities represent the most complete sec-
tion of the entire Sylhet Limestone Group (Kalita and
Gogoi, 2015). The successions corresponding to the
early Eocene Umlatdoh Limestone in the Lumshnong
area encompass hard, massive, and extremely thick
carbonates in association with dolomites, shales, and
sandstones.

3. Material and methods

For the present study, fieldwork was  carried out
in the Topcem Cement Factory premises (92◦23.3′E;
25◦12.5′N) located in Lumshnong within the Jaintia Hills,
Meghalaya (Fig. 1). Three limestone sections from Mine
No.3 of the Topcem establishment (Fig. 2) were mea-
sured (Section 1, 7 m;  Section 2, 9 m;  Section 3, 9.5 m)
and 52 limestone samples have been collected for the
analysis of the LBF and their associated facies compo-

nents (Figs. 3–5). The studied sections are characterized
by dark grey to beige coloured limestones with inter-
mittent carbonate–siliciclastic mixed layers. A total of
90 petrographic thin sections (∼3.0–4.0 × 2.0–2.5 cm)
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Fig. 1. Geological map  showing the study area on the Jowai–Badarpur Road Transect (modified from Dutta and Jain, 1980).

Fig. 1. Carte géologique montrant la zone d’étude sur le transect de la route Jowai–Barpur (modifié d’après Dutta et Jain, 1980).

 cemen
ine de c
Fig. 2. Field photographs highlighting the studied sections in the Topcem
Fig. 2. Photos de terrain, montrant les coupes étudiées dans l’us

were prepared for the identification of the skeletal

components and evaluation of the carbonate textures.
Taxonomic identifications of the foraminiferal tests
were based on randomly oriented thin sections and
when possible the recognized individuals have been
t factory establishment in the Jaintia Hills, Meghalaya (Mine No. 3).
iment de Topcem dans les Jaintia Hills, Meghalaya (Mine No 3).

identified at a generic or specific rank. The LBF speci-

mens were analyzed at various magnifications (4×–40×)
to evaluate their test structure and possible ecological
affinities in relation to the other biotic components. The
relative abundances of the LBF and other fossil biota
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Fig. 3. Lithocolumn of section 1 studied showing the major skeletal/non-skeletal components and their relative abundance with locations of collected
s
F s princip
r

w
s
e
e
i
I

4.1. Biotic diversity
amples.
ig. 3. Colonne lithostratigraphique de la coupe 1 étudiée, montrant le
elative avec les localisations de collecte des échantillons.

ere estimated in the thin sections by image analy-
is and by measuring the proportional area occupied by
ach taxon relative to the total biotic population (Perrin

t al., 1995). The material used for this study is housed
n the Birbal Sahni Institute of Palaeosciences, Lucknow,
ndia.
aux composants squelettiques et non squelettiques et leur abondance

4. Results and discussion
Biotic components of the studied material include
dominant benthic foraminifera, both small and larger, in
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Fig. 4. Lithocolumn of section 2 studied showing the major skeletal/non-skeletal components and their relative abundance, with the locations of the
collected samples.
Fig. 4. Colonne lithostratigraphique de la coupe 2 étudiée, montrant les principaux composants squelettiques et non squelettiques et leur abondance
relative, avec les endroits de collecte des échantillons.
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Fig. 5. Lithocolumn of section 3 studied showing the major skeletal/non-skeletal components and their relative abundance with locations of collected
samples.
Fig. 5. Colonne lithostratigraphique de la coupe 3 étudiée, montrant les composants squelettiques et non squelettiques et leur abondance relative, avec
les  endroits de collecte des échantillons.
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Fig. 6. Microphotographs representing the major facies components: a: Alveolina oblonga, sample No. TOP 1-8; b: Alveolina oblonga and another alveolinid,
sample No. TOP 2-9; c: Alveolina oblonga, sample No. TOP 1-7; d: Alveolina schwageri,  sample No. TOP 2-12; e: Alveolina cf. ruetimeyeri, TOP 3-11; f: Alveolina
aff.  haymanensis, sample No. TOP 2-11; g: A bivalve shell fragment (bv) and echinoid spine (ec), sample No. TOP 2-9; h: Halimeda tuna (Ht) with ooids and
other  algal fragments, sample No. TOP 1–12. Scale bars: a: 1.5 mm;  b: 2 mm;  c: 1 mm;  d: 0.5 mm;  e: 1.5 mm;  f: 2 mm;  g–h: 0.5 mm.
Fig. 6. Microphotographies représentant les principaux composants des faciès : a : Alveolina oblonga, éch. no TOP 1-8 ; b : Aleveolina oblonga et un autre
alvéolinidé, éch. no TOP 2-9 ; c : Alveolina oblonga, éch. no TOP 1-7 ; d : Alveolina schwageri, éch. no TOP 2-12 ; e : Alveolina cf. ruetimeyeri, éch. no TOP 3-11 ;
f  : Alveolina aff. haymanensis, éch. TOP 2-11 ; g : fragment de coquille de bivalve (bv) et épine d’échinoïde (ec), éch. no TOP 2-9 (H) Halimeda tuna (Ht), avec
ooïdes  et autres fragments algaires, éch. no TOP 1–12. Barres d’échelle : a : 1,5 mm ; b : 2 mm ; c : 1 mm ; d : 0,5 mm ; e : 1,5 mm ; f : 2 mm ; g–h : 0,5 mm.
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Fig. 7. Microphotographs representing the major facies components: a–c: ooids, coated grains, Quinqueloculina sp., Halimeda sp., Daviesina sp., Assilina
laxispira,  smaller miliolids and green algae in grainstone-packstone facies, sample Nos. TOP 2-1 (a and b), TOP 1-1 (c); d: Alveolina aff. varians with Biloculina
sp.  in grainstone facies, sample No. TOP 2-5; e and f: Halimeda fragilis (Hf) with dasyclads, ooids, smaller miliolids and glomalveolinid tests in grainstone
matrix, sample No. TOP 2-9; g: Nummulites burdigalensis (axial section) with another smaller nummulitid in rudstone-grainstone facies, sample No. TOP
1-14;  h: Nummulites atacicus (oblique section) in rudstone-grainstone facies, sample No. TOP 3-18. Scale bars: a–e: 1 mm;  f: 2 mm;  g–h: 0,5 mm.
Fig. 7. Microphotographies représentant les principaux composants des faciès : a–c : Ooïdes et grains recouverts, Quinqueloculina sp. Halimeda sp., Daviesina
sp.,  Assilina laxispira, les plus petits milliolidés et algues vertes dans le faciès grainstone-packstone, éch. n◦ TOP 2-1 (a et b), TOP 1-1 (c) ; d : Alveolina aff.
varians with Biloculina sp. dans le faciès grainstone,  éch. n◦ TOP 2-5; e et f : Halimeda fragilis (Hf) avec dasyclades, ooïdes, tests de petits milliolidés et
glomalveolinidés dans la matrice du grainstone,  éch. n◦ TOP 2-9 ; g : Nummulites burdigalensis (section axiale) avec un autre petit nummulidé dans le faciès
rudstone-grainstone,  éch. TOP 1-14 ; h : Nummulites atacius (section oblique) dans le faciès mudstone-grainstone, éch. n◦ TOP 3-18. Barres d’échelle : a–e :
1  mm ; f : 2 mm ; g–h : 0,5 mm.
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Fig. 8. Microphotographs representing the major facies components: a and b: Sporolithon spp. showing (a) a warty protuberance influenced by abra-
sion/bioerosion, sample No. TOP 1-8, and (b) unconsolidated thallus, sample No. TOP 3-13; c and d: Orthophragminid Discocyclina in grainstone matrix,
sample Nos. TOP 1–7 (c) and TOP 1-9 (d); e: Lockhartia sp. with an orthophragminid (Discocyclina?) in packstone matrix, sample No. TOP 1-13; f: Neorotalia
sp.  with smaller benthic foraminifera, green algae and alveolinids in grainstone facies, sample No. TOP 2-6; g: bryozoan fragment (br) with smaller benthic
foraminifera, coralline red algal debris and coated grains in grainstone-packstone facies, sample No. TOP 3-5; h: echinoid plate (ec) with coralline red algae
(cr),  sample No. TOP 3-13. Scale bars: a–c: 0,5 mm;  d: 1 mm;  e: 0,5 mm;  f: 2 mm;  g: 1 mm;  h: 0,5 mm.
Fig. 8. Microphotos représentant les principaux composants des faciès : a : Sporolithon spp. montrant (a) une protubérance véruqueuse influencée par
abrasion/bioérosion, éch. no TOP 1-8 et (b) thallus non consolidé, éch. no TOP 3-13 ; c et d : orthophragminidé Discocyclina dans la matrice de grainstone,
éch.  TOP 1-7 (c) et TOP 1-9 (d) ; e : Lockhartia sp. avec un orthophragminidé (Discocyclina?) dans la matrice de packstone,  éch. no TOP 1-13 ; f : Neorotalia sp.
avec  de petits foraminifères benthiques, des débris d’algues vertes et des alvéolinidés dans le faciès grainstone, éch. no TOP 2-6 ; g : fragment de bryozoaire
(br)  avec de petits foraminifères benthiques, des débris d’algues coralliennes et des grains recouverts dans le faciès grainstone-packstone (cr), éch. no TOP
3-5  ; h : plaque d’échinoïde (ec) avec des algues rouges coralliennes, éch. no TOP 3-13. Barres d’échelle : a–c, 0, 5 mm ; d : 1 mm ; e : 0,5 mm ; f : 2 mm ; g :
1  mm ; h : 0,5 mm.
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ssociation with calcareous green algae. Some major skele-
al components of the evaluated carbonates assignable to
he Umlatdoh Limestone including the species of Alveolina
re shown in Figs. 6–8. Species of Alveolina–A. oblonga
Fig. 6a–c), A. schwageri (Fig. 6d), A. cf. ruetimeyeri (Fig. 6e),
. aff. haymanensis (Fig. 6f) and A. aff. varians (Fig. 7d)
re the most widely distributed biotic components of
he studied successions. Larger benthic foraminifera are
ommon to abundant biogenic components in all the sam-
les, except few (TOP 1-1, TOP 1-2, TOP 2-1, TOP 3-1,
OP 3-2 and TOP 3-3) rich in ooids, coated grains and
maller benthic foraminifera. Coralline red algae mainly
epresented by sporolithaceans (Fig. 8a–b), echinoid spines
Fig. 6g) and plates (Fig. 8h), gastropod and bivalve shells
Fig. 6g), bryozoans (Fig. 8g), encrusting foraminifera
acervulinids and planorbulinids), ostracods, serpulids
nd fragmented/abraded indeterminate bioclasts are also
resent across the sections but recorded only as secondary
acies components. Ooids are present as the most abundant
on-skeletal components of the studied sections. Small
enthic foraminifera (SBF) include porcellaneous (mili-
lids), perforated (rotaliids) and agglutinated (textulariids)
orms. The Umlatdoh Limestone comprises abundant small

iliolids represented by Quinqueloculina, Triloculina,  Bilo-
ulina, Spiroloculina and Periloculina. Rotaliids feature both
lanoconvex forms such as Rotalia and well-ornamented
orms like Daviesina (Fig. 7a), Lockhartia (Fig. 8e) and Neoro-
alia (Fig. 8f). Agglutinated foraminifera are represented
y rare to common well-preserved, seriate forms such
s textulariids. LBF forms comprise porcellaneous taxa
uch as Alveolina, Glomalveolina and Orbitolites along with
yaline-lamellar taxa like Discocyclina and nummulitids
Nummulites, Assilina and Operculina). Larger orthophrag-

inids like Discocyclina (Figs. 8c–e) are recorded in several
amples. Calcareous green algae show considerable fre-
uency in the studied material (Figs. 6g–h, 7a–b, e–f),

ncluding segments and plates of Halimeda (H. tuna, Fig. 6h;
. fragilis,  Figs. 7e–f) and Ovulites with several dasy-
ladalean fragments. Coralline red algae are represented by
porolithon thalli in form of warty protuberances (Fig. 8a)
nd unconsolidated fragments (Fig. 8b), and algal debris
onstituted by abraded and fragmented thalli of geniculate
nd non-geniculate forms. Very rare reworked Distichoplax
halli are also observed. Non-geniculates (non-articulated
orallines) are also present as very small nodules and pro-
uberances not discernible at the generic level. Coralline
ed algae are frequently abraded and/or bioeroded, show-
ng the influence of both strong hydrodynamic energy as

ell as other benthic organisms. Geniculate or the articu-
ated forms are represented by very rare Corallina and Jania.
hese taxa were commonly diffused during the Cenozoic
nto very shallow ramp environments indicating bathy-

etric levels of less than 10 m (Brandano et al., 2009;
uaranta et al., 2012; Tomassetti et al., 2016).

.2. Remarks on the biostratigraphy
In the evaluated Lumshnong sections, lower Eocene
assive to cherty marly fossiliferous limestones are

ecorded, which correspond to the uppermost part of
 (2019) 949–966 959

the Umlatdoh Limestone. These sections are character-
ized by abundant well-preserved benthic foraminifera that
enable precise biostratigraphy. The occurrence of Alve-
olina oblonga (Figs. 6a–c) and of A. schwageri (Fig. 6d)
with Assilina laxispira (Fig. 7c), Nummulites burdigalensis
(Fig. 7g), Nummulites globulus and N. atacicus (Fig. 7h)
assign an early Eocene (Cuisian) age corresponding to
the SBZ10. Nummulites atacicus (SBZ 8) and N. globu-
lus (SBZ 8-9) are both limited to earlier horizons of
Eocene age according to Serra-Kiel et al. (1998), but
other biostratigraphic studies have confirmed their range
extension into deeper time even up to the Bartonian
(Bieda, 1963; Ionesi, 1971; Massieux, 1973; Matsumaru
and Sarma, 2010). The early Eocene (Cuisian) has been
described by Hottinger (1960) as the Alveolina oblonga
zone that stands equivalent to SBZ10 of Serra-Kiel et al.
(1998). A. oblonga and A. schwageri are recorded most
consistently in the studied samples, showing the high-
est frequency and abundance among all the LBF species,
and found in the lowermost (except TOP 1-1) and top-
most samples of all the sections, which confirms that
the successions have deposited completely during the
early Eocene. The SBZs can be well correlated with
standard planktonic foraminiferal and calcareous nanno-
plankton zones (Papazzoni et al., 2017; Serra-Kiel et al.,
1998; Zhang et al., 2018). This facilitates the construc-
tion of a high-resolution bio- and chronostratigraphy
in carbonate sequences featuring LBF species. Owing
to the complete absence of calcareous nannoplankton
and planktonic foraminifera in the studied sections,
any direct correlation with the recorded shallow ben-
thic zone is constraining. However, based on literature
survey and comparative studies, the currently studied
sections assigned to the SBZ10 are correlated with cal-
careous nannoplankton zone NP12 and possibly planktonic
foraminiferal zones P6b-P7 (Molina et al., 1992; Papazzoni
et al., 2017; Pujalte et al., 2009; Schaub, 1981; Serra-Kiel
et al., 1998).

Matsumaru and Sarma (2010) have reported Umlatdoh
Limestone LBF assemblages from ridge sections outcrop-
ping in Nongkhlieh village of Shnongrim area, Jaintia Hills,
Meghalaya. The presence of Alveolina oblonga, A. schwageri,
Assilina laxispira and A. placentula as the major LBF in associ-
ation with Nummulites atacicus, N. burdigalensis, N. globulus
and Alveolina globosa indicated a correlation with the Laki
Limestone of the Laki Stage of Sind area and the underlying
Meting Limestone described by Nagappa (1959). A partial
correlation was also established with LFA-2 and LFA-3 in
the Indian Basins (Govindan, 2003), which is equivalent to
the Letter Stage Tertiary a2 (Govindan, 2003; Matsumaru,
1996). The Umlatdoh Limestone assemblages as described
by Matsumaru and Sarma (2010) have been ascribed to
SBZs 7 to 11 (Fig. 9). An exception to this assignment is
the presence of Orbitolites complanatus, which has a range
from SBZ 12 (?) to SBZ 16 (?) and deserves further analysis.
Sarkar (2016) has also reported larger benthic foraminifera
from the lower part of the Umlatdoh Limestone assignable

to SBZs 7-8 (middle Ilerdian) from a section located
2 km southeast of Lumshnong on the Jowai–Badarpur
Road.
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Fig. 9. Schematic chart showing the correlation between the latest version of the Eocene timescale (International Chronostratigraphic Chart 2019,
http://www.stratigraphy.org) with the planktonic foraminiferal zones and the calcareous nannofossil zones (GTS 2012), and larger foraminiferal zones such
as  the Shallow Benthic Zones (updated version from Papazzoni et al., 2017), Indian Basin assemblages (Govindan, 2003), Haha-Jima, Japan (Matsumaru,
1996), Jaintia Hills in Meghalaya, NE India (Matsumaru and Sarma, 2010), and the Letter Stages (Matsumaru, 1996; Govindan, 2003). SBZ 10 has been
highlighted to indicate the position of the sections in the current study.
Fig. 9. Charte schématique montrant la corrélation entre la dernière version de l’échelle des temps Éocène (International Chronostratigraphic Chart 2019,
http://www.stratigraphy.org), avec les zones à foraminifères planctoniques et les zones à nanofossiles calcaires (GTS 2012), ainsi que les zones à plus grands

 à jour d’
rd-Est d
es dans
foraminifères telles que les zones benthiques peu profondes (version mise
2003), Haha-Jima, Japon (Matsumaru, 1996), Jaima Hills in Meghalaya, No
Matsumaru, 1996). SBZ a été soulignée pour indiquer la position des coup

4.3. Microfacies and palaeoenvironmental analyses

All the carbonate microfacies recorded from the
presently analysed Umlatdoh Limestone sections can be
ascribed to a shallow-marine ramp environment. A general
conceptual palaeoenvironmental model representing the
depositional zones in the ramp environment and also the
distribution of the major facies types are shown in Fig. 10.

Whether these carbonate ramps were homoclinal or dis-
tally steepened in nature cannot be interpreted, since we
are focusing on the shallowest environments. The studied
limestone samples display low microfacies diversity and a
après Papazzoni et al., 2017), les assemblages du Bassin indien (Govindan,
e l’Inde (Matsumaru et Sarma, 2010) et les Letter Stages (Govindan, 2003 ;

 l’étude actuelle.

total of six major facies types (MFTs) were distinguished
based on the carbonate texture and the dominant skeletal
components. Most well-distributed, abundant components
of the carbonate sedimentary samples are the larger
foraminifers: alveolinids and nummulitids. Smaller mil-
iolid, rotaliid and textulariid benthic foraminifera and
diverse green algae (Halimeda with udotacean and dasy-
cladalean forms) are found in association with the LBF

species and show moderate abundance in the stud-
ied Umlatdoh Limestone microfacies. Abiotic ooids and
coated grains are important non-skeletal components
of the studied sections and are represented in variable

http://www.stratigraphy.org/
http://www.stratigraphy.org/
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Fig. 10. A conceptual palaeoenvironmental model depicting the distribution of major facies components and types in the depositional environment with
v
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arious zonations of the ramp setting.
ig. 10. Modèle paléoenvironnemental conceptuel décrivant la distribut
vec  les zonations variées d’établissement de la rampe.

bundance. Echinoderm plates and spines, partly broken
nd abraded gastropod and bivalve shells, small bry-
zoans fragments, coralline red algae mostly in form of
mall protuberances and debris, encrusting foraminifera
acervulinids and planorbulinids), ostracods, serpulids and
ragmented/abraded indeterminate bioclasts occur across
he different MFTs as subordinate facies components, but
howing no considerable abundance in any of the sam-
les/section.

MFT  1: Oolitic-smaller benthic foraminiferal-green
lgal grainstone-packstone (Fig. 7a–c)

This well-sorted microfacies varying in thickness from
.35 to 1.0 m is recorded in the studied sections in form
f oolitic bands and characterized by a high abundance
f ooids and coated grains. The ooids feature concentric
ayering and possibly represent relicts of radial structures.
hey are predominantly round in shape, with size varying
rom 0.15 to 0.6 mm.  These are associated with vary-
ng proportions of smaller miliolids, rotaliids and green
lgae represented by Halimeda spp. followed by udotacean
nd dasycladalean forms. Subordinate components in this
icrofacies are peloids, algal fragments, echinoderm frag-
ents and debris, intraclasts and aggregates also acting

s the primary nuclei of the ooids and components of the
oated grains. Some smaller miliolids, rotaliids, and textu-
ariids unidentifiable up to the genus level are also observed
n this microfacies. Rare alveolinids are also occasionally
bserved. Some unidentified sparite-filled bioclasts are
lso present. The matrix is generally sparite including few
elicts of micrite material. Drusy sparite and isopachous
brous cement could be observed at several places around
he ooids and coated grains.
Interpretation. This microfacies corresponds to a shoal
nvironment (shoal-sand bar) influenced by tides and
aves much above the normal wave base related to
principaux composants de faciès et les types d’environnement de dépôt

depths < 10 m.  The concentric ooids indicate high energy
and normal marine salinity conditions that are well associ-
ated with a shoal setting in a shelf-edge or bank margin
facies (Blendinger and Blendinger, 1989; Chablais et al.,
2010). The near-total absence of mud  and the occurrence
of isopachous fibrous cement also indicate a high-energy
depositional setting.

MFT  2: Smaller miliolid-Alveolina grainstone (Fig. 7d)
This poorly sorted microfacies with packstone matrix

occurs only in the basal part of all the sections with thick-
ness ranging from 0.8 to 2.5 m.  MFT  2 is characterized
by a high abundance of smaller miliolids (Quinquelo-
culina, Triloculina,  Biloculina, Spiroloculina, and Periloculina
species) in association with moderately abundant Alveolina
(assemblages dominated by ovoid to slightly elongated A-
forms–Alveolina oblonga, A. schwageri,  A. aff. varians and
several unidentifiable alveolinids). Some miliolid speci-
mens showed resemblance to the genus Pyrgo, but the
identification attempts were inconclusive. The grain size
varies from 0.25 to 4.0 mm.  The average diameter of Alve-
olina spp. in this microfacies is < 2 mm,  but rare larger
forms are recorded. Smaller nummulitids (Nummulites
spp.), assilinids (Assilina laxispira and some indeterminate
species) and rotaliids (Lockhartia,  Neorotalia, Daviesina),
textulariids (Textularia), orthophragminids, echinoid plates
and spines, bivalve and gastropod shells, rare planorbulinid
encrusting foraminifers, green algae, coralline red algal
debris and Sporolithon thalli, serpulids and ooid grains are
the subordinate facies components.

Interpretation. This MFT  characterized by abundant
smaller miliolids in association with larger Alveolina spp.
indicates a restricted/protected lagoon to proximal inner

ramp setting in a meso-oligotrophic nutrient regime with
moderate to high hydrodynamic energy. The abundance
of miliolids is an indication of warm, shallow-marine
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depositional environment. They commonly develop habi-
tats in both normal and hypersaline environments (Brasier,
1975; Chan et al., 2017; Gonera, 2012; Hottinger et al.,
1993). Genera like Quinqueloculina and Triloculina are
reported from multiple lagoonal environments in the Ara-
bian Gulf (Amao et al., 2016; Murray, 1991), and their
prolific occurrence in the studied carbonates indicates the
deposition in a hypersaline environment (37–70‰)  with
water temperatures in the range of 16–40 ◦C (Murray,
1991), and bathymetric zonation from 12 to 18 m (Murray,
2006; Parker and Gischler, 2015).

The smaller miliolids are commonly categorized as r-
strategist foraminifera showing short generation times,
high fecundity, and rapid growth of populations (Reolid
et al., 2014; Sarkar, 2015a). The abundance of these fauna
indicates the possibility of adverse fluctuating environ-
mental conditions where the limited amount of resources
needs to be utilized as soon as they become available in
the niche. Modern miliolids are euryhaline biota thriv-
ing on soft substrates corresponding to shallow restricted
lagoon environments featuring low rates of turbulence
(Zamagni et al., 2008). Alveolinids are very tolerant to a
broad spectrum of temperature and salinity conditions,
thereby facilitating their occurrence in various zones of
shallow-marine carbonate platforms (Drobne et al., 2011;
Hadi et al., 2018). Likewise, in the present case study, Alve-
olina spp. occurs throughout the section showing moderate
to high abundance, thereby demonstrating a good degree
of adaptability to various depositional environments. How-
ever, due to their symbiotic associations with microalgae as
evidenced by several records (Hallock, 1985; Hohenegger,
2004, 2009), the entire successions are interpreted to have
been deposited in shallow to very shallow water depths
corresponding to the upper photic zone.

MFT  3: Green algal-benthic foraminiferal grainstone
(Fig. 7e–f)

This poor-to-moderately-sorted microfacies with a
packstone-grainstone matrix is 0.5–1.0 m in thickness and
is dominated by calcareous green algae including multiple
species of Halimeda (H. fragilis,  H. tuna), udotacean genus
Ovulites (O. arabica, O. pyriformis),  and also various dasy-
cladalean fragments. The benthic foraminiferal component
of the MFT  3 is represented by Alveolina, smaller miliolids
and rotaliids, smaller Nummulites, Glomalveolina,  Orbito-
lites, Discocyclina, and encrusting forms like Acervulina and
Planorbulina, and agglutinated Textularia.  The grain size
varies from 0.15 to 3.5 mm.  Halimeda species are recorded
in the form of segments and plates. Several small ooids
and coated grains are dispersed throughout the microfa-
cies and observed with few instances of isopachous fibrous
cement. Gastropod and bivalve shells with ostracod, echin-
oderm, and bryozoan fragments are the other secondary
components.

Interpretation. Calcareous green algae including dasy-
cladalean and halimedacean forms are common con-
stituents in early Eocene shallow-marine limestone
sequences showing moderate/locally high abundance in

the Umlatdoh Limestone (Sarkar, 2016). Green algae
represent typical photozoan components that thrive in
oligotrophic, well-illuminated waters facilitating photoau-
totrophy and photosymbiosis (Brandano et al., 2015;
 (2019) 949–966

Hallock and Schlager, 1986). However, there are some
rare examples showcasing proliferation of green algae
under increased nutrient inputs (Wilson and Vecsei, 2005).
Lees (1975) described green-algae-dominated chloralgal
assemblages in tropical, high-salinity areas (Halimeda
shows broad salinity tolerance; 20–45‰). In a sharp con-
trast to its well-known status as a photozoan component
sensitive to low light conditions, Halimeda has also been
reported from deeper domains having low to very low
light availability, for example the Hawaiian Islands, where
it forms extensive meadows between depths of 65–120 m
(Webster et al., 2006) and the Brazilian continental shelf
extensively covered by rhodolith beds, where Halimeda
is recorded from the intertidal zone to the 166-m bathy-
metric level (Amado-Filho et al., 2012; Bandeira-Pedrosa
et al., 2004). The abundance of dasylcadalean forms with
photosymbiotic LBF like Alveolina and Nummulites co-
occurring with the Halimeda species strongly indicates
the deposition of this microfacies in very shallow-water
conditions (<20 m)  related to the proximal inner ramp. A
meso-oligotrophic nutrient regime is interpreted because
nutrient-enriched conditions tend to reduce light pene-
tration and decrease the availability of well-lit substrate
expected to be a threshold requirement for this assemblage
featuring calcareous green algae, smaller foraminifera and
LBF.

MFT  4: Larger porcellaneous (Alveolina) grainstone-
packstone (Fig. 6a–c, e–f)

This microfacies with grainstone-locally abundant
packstone matrix shows a thickness of 2.5–3.0 m with
unidirectional cross beddings and is characterized by mod-
erate to poorly sorted large porcellaneous foraminifera
mainly comprising subglobular to ovoid tests of Alveolina
(> 40%; Alveolina oblonga, A. schwageri, A. aff. haymanen-
sis, A. aff. varians) and several alveolinids not identifiable
up to the species rank). The grain size ranges between
0.8 and 6.0 mm.  The alveolinid tests show evidences
of high hydrodynamic energy as the outer surface of
youngest whorls is exfoliated, with truncated poles in
numerous cases. Localized silt-sized sediments are also
observed, dominated by calcisiltite. Subordinate biotic
components of this microfacies are small nummulitids
(A-form Nummulites), dasycladalean algae and Halimeda
segments, non-geniculate algal protuberances (Sporolithon
and mastophoroids), other small–medium-sized miliolids,
orbitolids, smaller rotaliids, orthophragminids, acervulin-
ids, echinoid remains and bryozoan fragments. Rare
cortoids and peloids are also observed. Cement predomi-
nantly consists of drusy and blocky spar with isopachous
to syntaxial cement. Several alveolinid tests are mildly
abraded and rare cases of acervulinid encrustations on
nummulitid tests are also recorded. A gently dipping pla-
nar to trough cross-bedded stratification can be observed
in the case of this facies, with 1–2-m-thick individual units.

Interpretation. This grainstone-packstone facies is
interpreted as representing bioclastic carbonate sandy
shoals built in a shallow-marine, high-energy deposi-

tional setting influenced by wave processes in a nearshore
inner ramp environment. Comparable unidirectional cross-
bedding lithology has also been reported from numerous
Cenozoic carbonate systems of Malta, Tunisia, and Italy
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Brandano et al., 2009; Loucks et al., 1998; Pedley, 1998;
omassetti et al., 2016). The presence of dasycladalean
nd halimedacean green algae suggests a very shallow-
ater depositional setting (Wray, 1977). The occurrence

f small biconvex A-forms of Nummulites tests along with
ubglobular to ovoidal alveolinids suggests a shallow-
arine depositional setting corresponding to euphotic

nd oligotrophic conditions. Recent alveolinids have been
eported from a plethora of marine habitats including
eep lagoons to fore-reef sub-environments (Yordanova
nd Hohenegger, 2002). Living and fossil alveolinids are
enerally associated with shallow-marine settings, and
heir distribution depends primarily on light intensity and
ydrodynamic conditions (Drobne et al., 2011; Tomassetti
t al., 2016). Living larger miliolids like Borelis and Alve-
linella quoyi do not dwell at depths > 50 m (Hohenegger,
994, 2009; Langer and Hottinger, 2000). Their distribu-
ions are independent with respect to the substrate, which

ight have been any kind of algae, seagrasses or others
Beavington-Penney et al., 2006; Langer and Hottinger,
000; Severin and Lipps, 1989). Thick carbonate succes-
ions encompassing rich populations of alveolinids were
lso interpreted to have deposited in lagoon or back-bank
nvironments (Hottinger, 1977). Small, lens-shaped num-
ulitids have been envisaged to build habitats that share

 common niche with alveolinids in the inner platform
orizon (Geel, 2000). The abundance of A-form alveolinids
ith several tests presenting signs of abrasion in the outer
alls, other porcelaneous forms (orbitolitids and miliolids),

nd also the presence of nummulitids and small rotalliids
howing low quantitative numbers all indicate a deposition
f this microfacies in the inner part of the ramp featur-
ng high energy environments. A foraminiferal community
ominated by Alveolina has been reported from Oman,
hich possibly thrived on the patchily vegetated muddy

ands of a protected lagoon or embayment (Beavington-
enney et al., 2006). A fossil assemblage dominated by
lveolinids, nummulitids, and orbitolitids from Turkey has
een interpreted to have been deposited in a lagoon envi-
onment (Özgen-Erdem et al., 2005). Alveolina-dominated
BF assemblages have been linked to inner platform depo-
itional environment, influenced by siliciclastic inputs in
rance (Rasser et al., 2005) and Spain (Scheibner et al.,
007).

MFT  5: Alveolina-nummulitid grainstone-rudstone
Fig. 6d)

This moderately sorted microfacies with packstone
atrix is 1.5–2.0 m in thickness and is characterized

y the predominance of Alveolina spp. (30–35%) includ-
ng all the species recorded in the current study with
mall nummulitids with occasional larger Nummulites
15-20%) represented by Nummulites burdigalensis and
. atacicus. Subordinate components are tests of Assilina,
aviesina, Lockhartia,  encrusting foraminifera (acervulin-

ds and planorbulinids), udotacean green alga Ovulites
nd Halimeda spp., undetermined orthophragminids (Dis-
ocyclina?), textulariids, smaller miliolids and rotaliids,

astropod shells, echinoderm plates, and peloids.

Interpretation. This MFT  is restricted to the proximal
o distal inner ramp depositional setting and indicates

 slightly deeper bathymetric level. MFT  5 actually
 (2019) 949–966 963

represents a transitional phase between the very-shallow-
water microfacies (MFTs 1 to 4) and comparatively deeper
but overall shallow-water microfacies (MFT 6) where
smaller miliolids and dasycladalean algae reduce drasti-
cally and larger foraminifers like Alveolina, Nummulites and
others begin to show very high abundance. Beavington-
Penney et al. (2006) reported a microfacies from the
Eocene sediments of Oman showing a high degree of affin-
ity with MFT  5, dominated by the species of Alveolina,
Nummulites, and Assilina, corresponding to an inner ramp
setting. The LBF Assilina is recorded in varying propor-
tions throughout the presently studied succession, but
never attains very high abundance levels. The nummulitid
taxa are mostly observed in form of small, robust, bro-
ken/abraded A-form tests associated with medium-large
sized Alveolina (A. oblonga, A. schwageri, A. cf. ruetimey-
eri) within a packstone-locally grainstone matrix, that in
combination with the factor of complete absence of dasy-
cladalean green algae suggests deposition in the proximal
to distal inner ramp with high hydrodynamic energy con-
ditions. It is widely acknowledged that small and lenticular
A-forms of Nummulites are more common in shallower
inner ramp/shelf/platform settings (Beavington-Penney
and Racey, 2004; Beavington-Penney et al., 2006; Hadi
et al., 2018; Racey, 2001). Several examples of edgewise
contact imbrications biofabrics also can be inferred as sig-
natures of a high-energy depositional environment (Hadi
et al., 2016, 2018). Numerous studies associated with the
living and ancient LBF evidenced that, similarly to the
currently studied successions, B-forms are rare or even
completely absent in shallower horizons, whereas they are
abundant at deeper depths (<100 m;  Beavington-Penney
et al., 2005; Hottinger, 1977).

MFT  6: Nummulitid grainstone-rudstone (Fig. 7g–h)
This microfacies is distinguished by a moderately sorted

grainstone with the grain size ranging between 0.5 and
3.5 mm.  The localized abundance of larger nummulitids
(>2 mm)  gives the impression of grainstones grading into
rudstones at certain places. This facies is dominated by
small to larger nummulitid taxa (Nummulites, Assilina
and Operculina) with Nummulites (N. globulus, N. atacicus,
N. burdigalensis and other indeterminate species) show-
ing higher frequency. Additionally, encrusting acervulinids
and planorbulinids, orthophragminids, smaller miliolids
and rotaliids, Halimeda, coralline algal protuberances, echi-
noids, bryozoans, ostracods, rare serpulids and some
larger alveolinids with syntaxial calcitic cement occur in a
packstone-grainstone matrix. Small peloids and micritized
cortoids are also observed. Among the nummulitids,
the analysed assemblages are characterized by dominant
A-forms. This microfacies does not display any clear sed-
imentary structure, with massive beds ranging from 1 to
1.5 m.

Interpretation. The nummulitid assemblages domi-
nated by A-form Nummulites are interpreted as proximal
inner-ramp palaeohighs impacted by winnowing and cur-
rent processes. Various studies related to modern and

ancient LBF indicate that the test morphology is controlled
by a complex interaction of environmental factors such
as light, depth, and water turbulence (Beavington-Penney
and Racey, 2004; Eder et al., 2018; Hottinger, 1977, 1983;
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Torres-Silva et al., 2019. Nummulitids are bottom-dwelling
benthic fauna, and can be found at depths < 30 m,  but usu-
ally dominant at mesophotic to oligophotic depths ranging
at more than 30 m (Hohenegger, 2005; Španiček et al.,
2017). Based on the ecophenotypical correlative studies
with their modern counterparts, the nummulitids are asso-
ciated with water depths between 40 and 80 m (Goeting
et al., 2018; Hadi et al., 2016). However, in the current
study, relative palaeobathymetric position of this micro-
facies is inferred to be much less than 40 m,  at about
25–30 m due to the presence of green algae and smaller
foraminifera with the abundant nummulitids. MFT 6 is rel-
atively deeper in comparison to the other MFTs due to
the prevalence of LBF tests and coralline algal protuber-
ances with lesser fragmentation and abrasion (tests and
algal thalli more compact in this microfacies), almost neg-
ligible isopachous fibrous cement and also an increase
in the incidence of encrusting foraminifera (acervulin-
ids and planorbulinids). Small and lenticular tests of
Nummulites are more common in very shallow to shal-
low inner platform/shelf/ramp settings (Racey, 2001). The
accumulations of A-form Nummulites-dominated assem-
blages with robust/ovate tests and rare B-forms suggest
a shallow-marine inner ramp depositional environment
affected by limiting conditions, for example, slightly higher
nutrient levels, favouring the development of a commu-
nity of r-strategists (Beavington-Penney and Racey, 2004;
Beavington-Penney et al., 2005; Eder et al., 2016; Hadi et al.,
2016).

5. Conclusions

Larger benthic foraminifers are important biotic compo-
nents of the early Eocene Umlatdoh Limestone successions
outcropping in the Lumshnong region of the Jaintia Hills,
Meghalaya, northeastern India. The LBF assemblages are
dominated by multiple species of Alveolina (A. oblonga,
A. schwageri,  A. cf. ruetimeyeri, A. aff. haymanensis and A. aff.
varians). In addition to Alveolina, the studied assemblages
also comprise various other foraminiferal genera like Num-
mulites, Assilina, Operculina, Glomalveolina, Discocyclina,
Lockhartia, Neorotalia, Daviesina, Textularia, Acervulina and
Planorbulina. A detailed analysis of the LBF (Species of
Alveolina with Nummulites - N. burdigalensis, N. globulus,
N. atacicus and Assilina–A. laxispira) indicates that these
successions, corresponding to the upper part of the Umlat-
doh Limestone, were deposited entirely during the early
Eocene (SBZ 10 interval). Ooids, coated grains and cal-
careous green algae including species of Halimeda,  Ovulites
and multiple dasycladalean forms have also been recorded
in low to abundant proportions in the analysed sections.
Coralline red algae, echinoderms, bryozoans, gastropods
and bivalves are other considerable biogenic components
of the analysed microfacies. Based on the analyses of the
carbonate microfacies and their fossil components, six
major facies types are reported, which indicate that the
depositional environment ranges from shoal-sandy bars

to an inner ramp setting corresponding to shallow depths
with high hydrodynamic energy within the upper photic
zone. Diverse assemblages of LBF represent a phase of sig-
nificant foraminiferal turnover in this region representing
 (2019) 949–966

the eastern part of the East Tethys and facilitate correlation
studies with the West Tethyan fauna in order to understand
the prospects for possible links across the Tethyan horizon.
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Zamagni, J., Mutti, M.,  Košir, A., 2008. Evolution of shallow benthic com-
munities during the Late Paleocene–earliest Eocene transition in the
northern Tethys (SW Slovenia). Facies 54, 25.

Zhang, Q., Willems, H., Ding, L., 2013. Evolution of the Paleocene-Early
Eocene larger benthic foraminifera in the Tethyan Himalaya of Tibet,
position of the Paleocene/Eocene boundary in the Tethyan shallow
benthic zones: Evidence from South Tibet. GSA Bull. 131, 84–98.

http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0350
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0350
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0350
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0350
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0350
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0350
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0350
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0350
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0350
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0350
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0350
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0350
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0350
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0355
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0360
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0365
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0370
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0375
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0380
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0385
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0395
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0400
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0410
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0415
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0420
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0425
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0430
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0435
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0440
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0445
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0450
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0455
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0460
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0465
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0470
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0475
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0480
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0480
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0480
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0480
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0480
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0480
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0480
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0485
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0490
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0495
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0500
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505
http://refhub.elsevier.com/S1631-0683(19)30184-8/sbref0505

	Alveolina-dominated assemblages in the early Eocene carbonates of Jaintia Hills, NE India: Biostratigraphic and palaeoenvi...
	1 Introduction
	2 Geological setting
	3 Material and methods
	4 Results and discussion
	4.1 Biotic diversity
	4.2 Remarks on the biostratigraphy
	4.3 Microfacies and palaeoenvironmental analyses

	5 Conclusions
	Acknowledgments
	References


