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ABSTRACT

Singh A 2018. Latest Maastrichtian palaeoclimatic and depositional environmental perturbations, a record from Micula 
prinsii Zone of Meghalaya, northeastern India. The Palaeobotanist 67(2): 209–219.

A significant latest Maastrichtian calcareous nannofossil assemblage is recorded from the exposed section near Syndai 
Village, Meghalaya. A total of twenty two samples from sedimentary succession consisting of shales and sandy shales, calcareous 
at places, were studied; out of which ten samples were found productive in terms of calcareous nannofossils recovery. The presence 
of Micula prinsii in all the productive samples along with the other latest Maastrichtian nanno taxa suggests that the assemblage 
belongs to Micula prinsii Zone and well correlates with the CC26b Zone of Perch Nielsen and UC20dTP Zone of Burnett which 
are an amalgamation of old and new biozonation schemes from a range of palaeolatitudes and biogeographic provinces from 
both oceanic and shelf palaeoenvironments. Micula prinsii Perch–Nielsen, the latest Maastrichtian marker all over the globe, is 
recorded from both deep–sea sections and shelf areas. It is most evolved form of the genus Micula and got extinct just before K–
Pg boundary. The Micula prinsii Zone is marked by the first occurrence of Micula prinsii to the last occurrence of unreworked, 
non–survivor Cretaceous taxa.

In the present study, cluster analysis envisaged the palaeodepositional environmental changes within the Micula prinsii 
Zone in northeastern India. In the lower part of the section, the abundance of Micula concava and Micula staurophora with the 
increased numbers of Watznaueria barnesiae indicates environmentally stressful conditions with low productivity in surface 
water. However, in the upper part the increased numbers of Calculites obscurus with the decrease in Micula concava and Micula 
staurophora abundance indicates relatively increased productivity in surface water in marginal marine depositional environment.

Key–words—Micula prinsii, Palaeoclimate, Depositional environment, Nannofossil, Latest Maastrichtian, Meghalaya.

vn~;ru ekLVªhfPV;u iqjktyok;oh ,oa fu{ksi.kh; i;kZoj.kh; fopyu] es?kky;] iwoksZRrj Hkkjr ds 
fedqyk fçUl;kbZ eaMy ls çkIr vfHkys[k

vkHkk flag

lkjka'k

lhaMbZ xzke] es?kky; ds fudV vukofjr [kaM ls egRoiw.kZ vn~;ru ekLVªhfPV;u pwusnkj ijklw{ethok'e leqPp; vfHkfyf[kr dh 
xbZ gSA LFkyksa ij 'ksyksa ,oa cyqbZ 'ksyksa] pwusnkj lfUufgr volknh vuqØe ls çkIr dqy 22 uewus v/;;u fd, x,( buesa ls pwusnkj ijklw{e 
thok'eksa dh çkfIr ds lanHkZ esa 10 uewus mRiknh ik, x,A vU; vn~;ru ekLVªhfPV;u ijklw{e VSDlk ds lkFk leLr mRiknh uewuksa esa fedqyk 
fçUl;kbZ dh fon~;ekurk O;aftr djrh gS fd leqPp; fedqyk fçUl;kbZ  eaMy ugha gS rFkk ipZ uhylsu ds CC26b eaMy o cusZV ds 
UC20dTP eaMy ls HkyhHkkafr laglaca/k j[krh gSA tks nksuks lkeqfnzd o mirV iqjki;kZoj.kksa ls çkIr iqjk v{kka'kksa o tSo HkwxkSfyd çkUrksa ds 
{ks=k ls çkIr] çkphu ,oa uwru tSo vuq{ks=k oxhZdj.k ;kstukvksa ds lekesyu gSaA xgjs leqnz [kaMksa ,oa mirV {ks=k nksuksa ls vfHkfyf[kr fedqyk 
fçUl;kbZ  ipZ uhylsu lewps HkweaMy esa vn~;ru ekLVªhfPV;u  fpg~ud gSA ;g fedqyk oa'k dk lokZf/kd fodflr ç:i gS rFkk K-Pg 
lhek ls Bhd iwoZ foyqIr gks x;kA fedqyk fçUl;kbZ  eaMy xSj iqujZfpr] xSj mRrjthoh pkde; VSDlk dh vafre çkfIr fedqyk fçUl;kbZ  
dh çFke çkfIr ls fpg~fur gSA
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Fig. 1—Geological map of the study area (adapted from website http://www.megdmg.gov.in, Department of Mining & Geology, Government of Meghalaya) 
showing the location of sampling site (1) and Um Sohryngkew section (2).

INTRODUCTION

THE Cretaceous–Paleogene (K–Pg) boundary mass 
extinction event (65.68 Ma) is one of the most fascinating 

event in the geological history and has been studied globally 
by the several workers (Alvarez et al., 1980; MacLean, 
1985; Courtillot et al., 1986, 1988; Duncan & Pyle, 1988; 
Pope et al., 1991; Smit et al., 1996; Keller et al., 2003, 2007, 
2009a, b; Keller, 2010; Schulte et al., 2010). During this 
period, planktonic protists thriving in the ocean were almost 
completely vanished. More than 90% of nannoplanktons 
and planktonic foraminifer species extinct across the K–Pg 
boundary (Kaiho, 1994; Bown et al., 2004) and took millions 
of years to recover from the extinction (Coxall et al., 2006; 
Fuqua et al., 2008), and diversity did not reach pre–extinction 
levels for as long as 15 million years after the event (Norris, 
2001; Bown et al., 2004). Nevertheless, the extinction and 
recovery events after K–Pg boundary has been precisely 
documented for the both plankton groups, but very few studies 
have been performed on the changes in palaeoclimatic and 
depositional environmental conditions that have prevailed 
prior to the K–Pg boundary and precise timing and duration of 

these changes (Thibault & Gardin, 2006, 2007, 2010; Husson 
et al., 2014; Thibault & Husson, 2016).

For the past 30 years, Chicxulub impact and Deccan 
volcanism has been believed as potential cause for the K–Pg 
boundary catastrophe (MacLean, 1985; Courtillot et al., 1986, 
1988; Duncan & Pyle, 1988; Pope et al., 1991; Smit et al., 
1996; Schulte et al., 2010). But the recent studies by Keller 
and group (Keller et al., 2003, 2007, 2009a; Keller, 2010) 
suggested a pre–KT age for the Chicxulub impact. Deccan 
volcanism also believed to have occurred over about one 
million year prior to the mass extinction leaving sufficient 
time for recovery between eruptions. More recently, major 
studies of the Deccan Volcanic Province (DVP) have greatly 
improved our understanding of the age and tempo of eruptions, 
revealing three major phases: initial phase–1 in C30n at ~67.4 
Ma, the main phase–2 in C29r just before the KTB, and the last 
phase–3 in the early Danian (base C29n). Phase–2 is the most 
critical period of Deccan volcanism as it accounts for ~80% 
of the entire 3500 m thick Deccan lava pile, and erupted in 
rapid pulses over a short interval in C29r just prior to the KTB 
mass extinction (Chenet et al., 2007, 2008, 2009; Keller et 
al., 2008, 2009b, c). The present study reports the quantitative 

ekStwnk v/;;u esa ] iwoksZRrj Hkkjr esa fedqyk fçUl;kbZ  eaMy ds vanj iqat fo'ys"k.k us iqjkfu{ksi.kh; i;kZoj.kh; ifjorZuksa ij fopkj 
fd;kA [kaM ds v/kks Hkkx esa] okV~t+ukSfj;k cusZlh, dh o`n~f/kr ds lkFk fedqyk dkudsok  vkSj fedqyk LVSjksQksjk dh cgqyrk i`"Bh; ty esa 
vYi mRikndrk ds lkFk i;kZoj.kh; :i ls ncko ;qDr fLFkfr;ka O;aftr djrh gSaA gkykafd] Åijh Hkkx esa fedqyk dkudsok esa g~okl ds lkFk 
dSydqykbfV~l vkWClD;kslZ dh c<+rh la[;k rFkk fedqyk LVSjksQksjk  cgqyrk mikarh; leqnzh fu{ksi.kh; i;kZoj.kh; i`"Bh; ty esa lkis{k;rk 
c<+rh mRikndrk O;aftr djrh gSA

lwpd 'kCnµedqyk fçUl;kbZ] iqjktyok;q] fu{ksi.kh; i;kZoj.k] ijklw{ethok'e] vn~;ru ekLVªhfPV;u] es?kky; A
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Fig. 2—Lithocolumn and field photograph of the studied section (productive samples are marked with asterisk mark).

fluctuation in nannofossil assemblage caused by climatic and 
environmental change within late Maastrichtian, during the 
2nd phase of Deccan eruption. Our investigations are based 
on the nannofossil biostratigraphy to provide high–resolution 
age control and statistical analysis to identify environmental 
changes and periods of high–stress conditions caused by 
Deccan Volcanic activity during Late Maastrichtian.

GEOLOGICAL SETTING

The study area lies in Meghalaya State located in the 
northeastern part of India (Fig. 1). The major area is a part 
of the Shillong Plateau, which includes Garo, Khasi, Jaintia 
and Mikir hills. The Shillong Plateau is tectonically related 
to the formation of Himalaya and corresponds to an uplifted 
Precambrian massif of the peninsular India shield formation. 
The phenomenon led to deposition of 6 km thick deposit of 
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marine to continental sedimentary rocks Cretaceous through 
Miocene time that unconformably overlie the basement 
along the eastern, western and southern flanks (Reimann, 
1993; Rowley, 1996; Das Gupta & Biswas, 2000; Alam et 
al., 2003; Ghosh et al., 2005; Clark & Bilham, 2008; Rao et 
al., 2008). The Late Cretaceous sedimentary sequences of 
Meghalaya are exposed in patches in the southern fringes of 
more or less narrow belts bounded by two major east–west 
trending faults namely the Raibah fault to the north and Dowki 
fault to the south. The lithostratigraphic classification for the 
Upper Cretaceous–Lower Paleogene succession in Khasi and 
Jaintia hills has been studied by several workers (Medlicott, 
1869; Ghosh, 1940; Biswas, 1962; Chakraborty & Baksi, 
1972; Pandey, 1981; Raja Rao, 1981). The lithostratigraphic 
classification given by Raja Rao (1981) is followed here 
which divides the Upper Cretaceous–Early Paleocene 
into three formations, i.e. Mahadeo, Langpar and Therria 
formations. The studied succession belongs to the Lower 
part of Langpar Formation exposed in Amlarem Tehsil of 
Jaintia Hills near India–Bangladesh International Boundary. 
Langpar Formation was first described as ‘Langpar band’ 
comprising pale sandstones with plant remains (Medlicott, 
1869). Afterwards, Evans (1932) mapped these bands in 
patches in the neighborhood of Therria Village. Chakraborty 
(1974) and Chakraborty and Baksi (1972) designed it as 
the Langpar Formation. The lower boundary of Langpar 
Formation is conformably underlain by Mahadeo Formation 
and the upper boundary is conformable with the overlying 
Therria Formation.

MATERIAL AND METHODS

The studied succession was found exposed along the 
road–side near Syndai Village (N 25º10'52.8"; E 92º8'57.3") 
of Meghalaya in Jaintia Hills. The present section was ~50 
Km away towards east from famous Um Sohryngkew River 

section of K–Pg boundary in Meghalaya (Garg & Jain, 
1995). The Um Sohryngkew section demonstrates continuous 
occurrence of youngest Maastrichtian non bioturbated, thinly 
laminated calcareous fine silty shale sediments containing 
Micula prinsii, K–Pg boundary, Iridium–rich clay layer 
and Danian age sediments from bottom to top, showed no 
signature of trap material. In the present study the section 
mainly consists of carbonaceous, silty and sandy shales which 
were calcareous at places; burrows are also present at a few 
levels (Fig. 2). The present section could be placed below the 
Um Sohryngkew section and it has some overlapping with the 
same. In this study total twenty–two samples were collected 
from about 9 m succession. For the nannofossil study smear 
slides were prepared from all samples by dissolving 1gm of 
sediments into distil water. Thin smear films were prepared 
on the glass slides from the suspended material, on the hot 
plate. Dried slides were mounted with Canada Balsam and 
studied under Leica DM2500 P polarized microscope. The 
respective slides were housed in BSIP Museum repository 
(16304–16313). For the statistical analysis, 300 counts of 
nannofossils were done from each sample, except one sample 
(SNLP 15) which was poorly productive; therefore, only 150 
counts were made from this sample. For the multivariate 
cluster analysis, CONISS software was used.

RESULTS AND DISCUSSION

Ten samples out of twenty two were proven productive 
and contain moderately preserved but less diverse calcareous 
nannofossil assemblage. Total 38 calcareous nannofossil 
species were identified including two species of calcareous 
dinoflagellate Thoracosphaera sp. and Scrippsiella sp. The 
genus Micula is the most abundant in the present assemblage 
and the most common species are Micula concava and Micula 
staurophora. Both the species together contribute more 
than 50% of the assemblage. All the recorded species are 

PLATE 1
Scale bar represents 2 µm in all the photomicrographs.

1. Arkhangelskiella cymbiformis Vekshina, 1959.
2. Braarudosphaera bigelowii (Gran & Braarud, 1935) Deflandre, 

1947.
3. Calculites obscurus (Deflandre, 1959) Prins & Sissingh in Sissingh, 

1977.
4. Chiastozygus litterarius (Górka, 1957) Manivit, 1971.
5. Cretarhabdus conicus Bramlette & Martini, 1964.
6. Cribrosphaerella ehrenbergii (Arkhangelsky, 1912) Deflandre in 

Piveteau, 1952.
7. Cyclagelosphaera margerelii Noël, 1965.
8. Cylindralithus sculptus Bukry, 1969.
9. Eiffellithus sp.
10. Eiffellithus turriseiffelii (Deflandre in Deflandre & Fert, 1954) 

Reinhardt, 1965.
11. Microrhabdulus undosus Perch–Nielsen, 1973.
12. Micula concava (Stradner in Martini & Stradner, 1960) Verbeek, 

1976.

13. Micula murus (Martini, 1961) Bukry, 1973.
14. Micula praemurus (Bukry, 1973) Stradner & Steinmetz, 1984.
15. Micula premolisilvae Lees & Bown, 2005.
16–18. Micula prinsii Perch–Nielsen, 1979.
19. Micula staurophora (Gardet, 1955) Stradner, 1963.
20. Micula swastica Stradner & Steinmetz, 1984.
21. Nannoconus sp.
22. Placozygus fibuliformis (Reinhardt, 1964) Hoffmann, 1970.
23. Prediscosphaera cretacea (Arkhangelsky, 1912) Gartner, 1968.
24. Quadrum gartneri Prins & Perch–Nielsen in Manivit et al., 1977.
25. Radiolithus planus Stover, 1966.
26. Retecapsa ficula (Stover, 1966) Burnett, 1997.
27. Staurolithites crux (Deflandre & Fert, 1954) Caratini, 1963.
28. Tranolithus minimus (Bukry, 1969) Perch–Nielsen, 1984.
29. Watznaueria barnesiae (Black in Black & Barnes, 1959) Perch–

Nielsen, 1968.
30. Watznaueria ovata Bukry, 1969.
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represented in their order of abundance as follows: Micula 
concava, M. staurophora, Thoracosphaera sp., Quadrum 
gartneri, M. swastica, Watznaueria barnesiae, Calculites 
obscurus, Cyclagelosphaera margerelii, M. praemurus, 
Braarudosphaera bigelowii, Prediscosphaera cretacea, 
Scrippsiella test fragment, Cribrosphaerella ehrenbergii, 
M. murus, Eiffellithus sp., Cretarhabdus conicus, W. ovata, 
Microrhabdulus undosus, M. prinsii, M. premolisilvae, 
Arkhangelskiella cymbiformis, Radiolithus planus, E. 
turriseiffelii, Chiastozygus litterarius, Cylindralithus sculptus, 
Zeugrhabdotus embergeri, Tranolithus minimus, Retecapsa 
ficula, Broinsonia sp. Microrhabdulus helicoides, Nannoconus 
sp., Pervilithus varius, Prediscosphaera sp., Staurolithites 
crux, Zeugrhabdotus sp., Microrhabdulus belgicus and 
Lapideacassis sp.

Two K–Pg survivor species Braarudosphaera bigelowii 
and Thoracosphaera sp. are present in the assemblage. 
These species are believed to have survived the K–Pg 
boundary biotic crises and extend from the Maastrichtian 
into the basal Danian (Perch–Nielsen et al., 1982). Genus 
Arkhangelskiella, Broinsonia, Calculites, Chiastozygus, 
Cretarhabdus, Cribrosphaerella, Cylindralithus, Eiffellithus, 
Microrhabdulus, Micula, Nannoconus, Pervilithus, 
Prediscosphaera, Quadrum, Radiolithus, Retecapsa, 
Tranolithus and Watznaueria are restricted to the Cretaceous 
sediments and not show their single record beyond K–Pg 
boundary, therefore, considered as non–survivor Cretaceous 
taxa.

Nannofossil biostratigraphy

In the present study, the biozonation scheme of Burnett 
(1998) was applied for the biostratigraphy. The distribution 
of the identified nannofossil taxa is shown in Fig. 3 and 
some of the representative nannofossil taxa are illustrated 
in Pl. 1. In the present study, Micula prinsii is recorded in 
all the productive samples throughout the succession. The 
other records of Micula prinsii from Indian sections are very 
less. Garg and Jain (1995) recorded Micula prinsii species 
and Micula prinsii Zone from the Um Sohryngkew section, 
Meghalaya (Fig. 1). Another record is from southern part 
of India, Rai et al. (2013) recorded Micula prinsii from 
the Virdhachalam area of Cauvery Basin. Micula prinsii is 
the most evolved species of genus Micula. It is common 
low–mid latitudes species and rare in high latitudes (Perch–
Nielsen, 1985). It is considered as the marker species of the 
latest Maastrichtian, appeared 0.5 Ma before K–Pg mass 
extinction. Therefore, presence of Micula prinsii along with 
the other latest Maastrichtian taxa throughout the succession 
indicates that the present nannofossil assemblage belongs to 
the UC20dTP subzone of Burnett (1998) and well corresponds 
to the CC26b Zone of Perch–Nielsen (1985) (Fig. 4). These 
zonal schemes are the compilation of old and new nannofossil 

biozonation schemes from a range of palaeolatitudes and 
biogeographic provinces from both oceanic and shelf 
palaeoenvironments and useful for the biostratigraphy of 
various marine depositional environments.

Depositional environment interpretations

The depositional environment interpretations were 
mainly delineated by means of the quantitative stratigraphic 
distributions of the calcareous nannofossil taxa from productive 
levels and their palaeoecological and palaeoenvironmental 
preferences. In the present study, percentage data was used 
for the multivariate cluster analysis. Broadly two clusters were 
formed (Fig. 5). CLUSTER I includes productive samples 
from SNLP 2 to SNLP 13 (6 samples) shows dominance of 
Micula concava and Micula staurophora with increasing 
numbers of Watznaueria barnesiae. CLUSTER II includes 
productive samples from SNLP 14 to 16 and SNLP 19a (4 
samples), showing decrease of Micula concava and Micula 
staurophora with increased numbers of Calculites obscurus. 
Several authors suggested that Micula staurophora (synonyms 
Micula decussata) might have preferred cooler temperatures 
(Wind, 1979; Doeven, 1983; Watkins & Self Trail, 2005). 
However, biogeographic studies of Wind (1979), Thierstein 
(1981), Shafik (1990), Henriksson and Malmgren (1997) and 
Lees (2002) showed that this taxon is clearly cosmopolitan 
and can reach as far as 80% in both tropical and sub–tropical 
assemblages. Eshet et al. (1992) and Tantawy (2002) 
interpreted the high abundances of Micula decussata as 
indicative of very low surface water productivity and high–
stress environmental conditions. In the present study also, 
the major component of the assemblage–Micula concava 
and Micula staurophora can be used as indicator of low 
productivity of surface water and high–stress environmental 
conditions. Among the several cooler water nannofossil 
species, Wind (1979) and Thierstein (1981) referred 
Arkhangelskiella cymbiformis as a high–latitude taxon of 
cooler waters. However, Lees (2002) shows that this species 
is common down into tropical palaeolatitudes, although it 
prefers high–latitudes. Micula murus is considered as a good 
warm–water indicator and it is clearly restricted to warm 
tropical waters and totally absent from the high–latitude areas, 
all along its biostratigraphical range (Worsley & Martini, 
1970; Thierstein, 1981; Watkins et al., 1996; Lees, 2002). 
Watznaueria barnesiae is a cosmopolitan species which is 
generally dominant in tropical latitudes but also recorded 
commonly in high–latitude sites. Generally, authors used 
it as a warm–water indicator (Doeven, 1983; Watkins et 
al., 1996; Watkins & Self Trail, 2005). In addition, several 
studies showed that Watznaueria barnesiae is a low–nutrient 
indicator (Roth & Krumbach, 1986; Erba et al., 1992; 
Lamolda et al., 1992; Williams & Bralower, 1995; Fisher 
& Hay, 1999). Interestingly, it is one of the most dominant 
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species that shown a strong inverse correlation with depth such 
as holococcoliths (Calculites obscurus) which prefer shallow 
marine environment. Therefore, based on the abundance 
variation of M. staurophora, W. barnesiae and C. obscurus, 
the relative depositional environment of succession could 
be infer from shallow marginal shelf to basinward marine 
conditions (Hadavi & Maghaddam, 2014). Other common 
taxa of Maastrichtian assemblages are Cribrosphaerella 
ehrenbergii and Retecapsa spp., but they do not show any 
latitudinal preferences nor sensitivity to environmental 
changes.

Palaeoclimatic interpretations

Recently, Thibault and Husson (2016) presented 
palaeoecological data for late Maastrichtian calcareous 
nannofossil assemblages from the Indian Ocean and the Boreal 
epicontinental Chalk Sea. The data was compiled with recent 
results in the tropical Atlantic, Pacific, and Tethys oceans in 
order to characterize environmental changes by the end of the 
Cretaceous. They demonstrated the evolution of sea–surface 
palaeo–temperatures for the last ca. 350–380 kyr of the 
Cretaceous: the end–Maastrichtian greenhouse warming lasted 

Fig. 4—Correlation of Latest Maastrichtian nannofossil zone and changes in bulk δ18O (Thibault & Husson, 2016) along with studied section.
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on average a little more than 200 kyr and was followed by a 
ca. 100–120 kyr cooling. In the Tethys, a 30–40 kyr additional 
pulse of warming is recorded immediately below the K–Pg 
boundary. These findings indicate an important fluctuation 
of the climate system at the end of the Maastrichtian. The 
present investigation attests the record of additional pulse 
of warming just below the K–Pg boundary preceding high–
stress conditions especially for marine planktonic life (Fig. 
4). The quantitative fluctuations recorded in the nannofossil 
assemblages from bottom to top in the studied succession, 
most likely controlled by environmental factors mainly by 
temperature and nutrient availability in the surface water. 
The dominance of M. concava and M. staurophora (indicator 
of very low surface water productivity and high–stress 
environmental conditions) along with the increasing numbers 
of W. barnesiae (availability of low nutrient indicator) in the 
lower part of the section indicates high–stress conditions with 
low surface water productivity in lower part of the section 
most probably caused by the 2nd phase of deccan eruption. 
In the upper part of the succession, decreased numbers of M. 
concava and M. staurophora along with decreased numbers 
of W. barnesiae and increased numbers of C. obscurus 
(holococcolith, indicator of marginal marine environment) 

suggests that the upper part of the section is deposited 
relatively in marginal marine depositional environment with 
increased surface water productivity. Most probably the 
upper part of the section is deposited during the additional 
warming phase before the K/Pg boundary recorded in the 
Tethyan region (Thibault & Husson, 2016). However, the 
present preliminary record is needed to be affirmed by detailed 
multiproxy studies from the lateral sections exposed in nearby 
areas.

CONCLUSIONS

Significant terminal Maastrichtian calcareous nannofossil 
assemblage is recorded from the Meghalaya, northeastern part 
of India. Presence of Micula prinsii in all productive samples 
restricts the assemblage in Micula prinsii Zone corresponding 
to the UC20dTP subzone of latest Maastrichtian (Burnett, 
1998). Distribution patterns of calcareous nannofossils in 
the studied sections envisaged climatic variability within 
the Micula prinsii Zone. Abundance of Micula concava and 
Micula staurophora with increased numbers of Watznaueria 
barnesiae in lower part of section suggests high–stress 
conditions with low surface water productivity in relatively 

Fig. 5—Percentage abundance of the significant taxa in productive samples and dendrogram of cluster analysis.
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deeper marine depositional environment. In the upper part 
of the section decreased abundance of Micula concava and 
Micula staurophora with increased numbers of Calculites 
obscurus suggests relatively increasing surface water 
productivity in marginal marine depositional environment 
during the additional warming pulse recorded from the 
Tethyan province prior to K–Pg boundary.

Acknowledgements—Author would like to thank Director, 
Birbal Sahni Institute of Palaeosciences, Lucknow for 
providing necessary facilities, constant encouragement and 
permission (BSIP/RDCC/Publication no. 1/2018–19) for 
this publication. The author would also like to thank Dr 
Vandana Prasad for providing samples and field details and 
to Dr Premraj Uddandum for helping in statistical analysis. 
Thanks are also extended to the reviewers for their valuable 
corrections and comments.

REFERENCES

Alam M, Alam MM, Curray JR, Chowdhury MLR & Royhan Gani M 2003. 
An overview of the sedimentary geology of the Bengal Basin in relation 
to the regional tectonic framework and basin–fill history. Sedimentary 
Geology 15: 179–208.

Alvarez LW, Alvarez W, Asaro F & Michel HV 1980. Extra terrestrial cause 
for the Cretaceous Tertiary extinction. Science 208: 1095–1108.

Biswas B 1962. Stratigraphy of the Mahadeo, Langpar, Cherra and Tura 
formations, Assam, India. Bulletin Geological Mining and Metallurgical 
Society of India 25: l–25.

Bown PR, Lees JA & Young JR 2004. Calcareous nannoplankton evolution 
and diversity through time. In: Thierstein H & Young JR (Editors)—
Coccolithophores–from molecular processes to global impacts, Springer, 
Berlin: 481–508.

Burnett JA 1998. Upper Cretaceous. In: Bown PR (Editor)—Calcareous 
Nannofossil Biostratigraphy. Chapman and Hall, Cambridge: 132–199.

Chakraborty A 1974. On the rock stratigraphic, sedimentation and tectonics of 
sedimentary belt in the southeast of Shillong Plateau, Meghalaya. Bulletin 
of Oil and Natural Gas Commission 2: 133–142.

Chakraborty A & Baksi SK 1972. Stratigraphy of the Cretaceous–Tertiary 
sedimentary sequence, southwest of Shillong Plateau. Quaterly Journal of 
the Geological Mining and Metallurgical Society of India 44: 107–127.

Chenet A–L, Quidelleur X, Fluteau F & Courtillot V 2007. 40K/40Ar dating 
of the main Deccan large igneous province: further evidence of KTB 
age and short duration. Earth and Planetary Science Letters 263: 1–15.

Chenet A–L, Fluteau F, Courtillot V, Gerard M & Subbarao KV 2008. 
Determination of rapid Deccan eruptions across the KTB using 
paleomagnetic secular variation: (I) Results from 1200 m thick section 
in the Mahabaleshwar escarpment. Journal of Geophysical Research 
113: B04101.

Chenet A–L, Courtillot V, Fluteau F, Gérard M, Quidelleur X, Khadri SFRK, 
Subbarao V & Thordarson T 2009. Determination of rapid Deccan 
eruptions across the Cretaceous–Tertiary boundary using paleomagnetic 
secular variation: 2. Constraints from analysis of eight new sections and 
synthesis for a 3500–m–thick composite section. Journal of Geophysical 
Research 114(B6): B06103. doi: 10.1029/2008JB005644.

Clark MK & Bilham R 2008. Miocene rise of the Shillong Plateau and the 
beginning of the end for the Eastern Himalaya. Earth and Planetary 
Science Letters 269: 337–351.

Courtillot V, Besse J, Vandamme D, Montigny R, Jaege, JJ & Cappetta H 
1986. Deccan flood basalts at the Cretaceous/Tertiary boundary? Earth 
and Planetary Science Letters 80: 361–374.

Courtillot V, Feraud G, Maluski H, Vandamme D, Moreau MG & Besse J 

1988. Deccan flood basalts and the Cretaceous/Tertiary boundary. Nature 
333: 843–846.

Coxall HK, D'Hondt S & Zachos JC 2006. Pelagic evolution and 
environmental recovery after the Cretaceous–Paleogene mass extinction. 
Geology 34: 297–300.

Das Gupta AB & Biswas AK 2000. Geology of Assam. Geological Society 
of India, Bangalore, India: 1–169.

Doeven PH 1983. Cretaceous nannofossil stratigraphy and paleoecology 
of the Canadian Atlantic Margin. Bulletin of the Geological Survey of 
Canada 356: 1–70

Duncan RA & Pyle DG 1988. Rapid eruption of the Deccan flood basalts at 
the Cretaceous/Tertiary boundary. Nature 333: 841–843.

Erba E, Castradori F, Guasti G & Ripepe M 1992. Calcareous nannofossils and 
Milankovitch cycles: the example of the Gault Clay Formation (southern 
England). Palaeogeography Palaeoclimatology Palaeoecology 93: 47–69.

Eshet Y, Moshkovitz S, Habib D, Benjamini C & Margaritz M 1992. Calcareous 
nannofossil and dinoflagellate stratigraphy across the Cretaceous/Tertiary 
boundary at Hor Hahar, Israel. Marine Micropaleontology 18: 199–228.

Evans P 1932. Explanatory notes to accompany a Table showing the Tertiary 
succession in Assam. Transactions mining and Geological Institute of 
India 27: 155–260.

Fisher CG & Hay WW 1999. Calcareous nannofossils as indicators of mid–
Cretaceous paleofertility along an ocean front, U.S. Western Interior. 
In: Barrera E & Johnson CC (Editors)—Evolution of the Cretaceous 
Ocean–Climate System. Geological Society of Ammerica, Special Paper 
332: 161–180.

Fuqua LM, Bralower TJ, Arthur MA & Patzkowsky ME 2008. Evolution of 
calcareous nannoplankton and the recovery of marine food webs after the 
Cretaceous–Paleocene mass extinction. PALAIOS 23: 185–194.

Garg R & Jain KP 1995. Significance of the terminal Cretaceous calcareous 
nannofossil marker Micula prinsii at the Cretaceous–Tertiary boundary 
in Um Sohryngkew River section, Meghalaya, India. Current Science 
69: 1012–1017.

Ghosh AMN 1940. The stratigraphical position of the Cherra Sandstone, 
Assam. Records of the Geological Survey of India 75: l–l9.

Ghosh S, Fallick AE, Paul DK & Potts PJ 2005. Geochemistry and origin of 
Neoproterozoic granitoids of Meghalaya, northeast India: implications 
for linkage with amalgamation of Gondwana supercontinent. Gondwana 
Research 8: 421–432.

Hadavi F & Moghaddam MN 2014. Nannostratigraphy, nannofossil events, 
and paleoclimate fluctuations in the lower boundary of Kalat Formation 
in East Kopet Dagh (NE Iran). Arabian Journal of Geosciences 7: 
1501–1515. DOI 10.1007/s12517–012–0802–4.

Henriksson AS & Malmgren BA 1997. Biogeographic and ecologic patterns 
in calcareous nannoplankton in the Atlantic and Pacific Oceans during 
the Terminal Cretaceous. Studia Geologica Salmanticensia 33: 17–40

Husson D, Galbrun B, Gardin S & Thibault N 2014. Tempo and duration of 
short–term environmental perturbations across the Cretaceous–Paleogene 
boundary. Stratigraphy 11: 159–171.

Kaiho K 1994. Planktonic and benthic foraminiferal extinction events during 
the last 100 m.y. Palaeogeography Palaeoclimatology Palaeoecology 
111: 45–71.

Keller G, Stinnesbeck W, Adatte T & Stueben D 2003. Multiple impacts across 
the Cretaceous–Tertiary boundary. Earth–Science Reviews 62: 327–363.

Keller G, Adatte T, Berner Z, Harting M, Baum G, Prauss M, Tantawy A & 
Stueben D 2007. Chicxulub impact predates K–T boundary: new evidence 
from Brazos, Texas. Earth and Planetary Science Letters 255: 339–356.

Keller G, Adatte T, Gardin S, Bartolini A & Bajpai S 2008. Main Deccan 
volcanism phase ends near the K–T boundary: evidence from the 
Krishna–Godavari Basin, SE India. Earth and Planetary Science Letters 
268: 293–311.

Keller G, Adatte T, Pardo Juez A & Lopez–Oliva J 2009a. New evidence 
concerning the age and biotic effects of the Chicxulub impact in NE 
Mexico. Journal of the Geological Society 166: 393–411.

Keller G, Khosla SC, Sharma R, Khosla A, Bajpai S & Adatte T 2009b. Early 
Danian planktic foraminifera from Cretaceous–Tertiary intertrappean 
beds at Jhilmili, Chhindwara District, Madhya Pradesh, India. Journal of 



 SINGH—LATEST MAASTRICHTIAN RECORD FROM MEGHALAYA, NORTHEASTERN INDIA 219

Foraminiferal Research 39: 40–55.
Keller G, Adatte T, Bajpai S, Mohabey DM, Widdowson M, Khosla A, 

Sharma R, Khosla SC, Gertsch B, Fleitmann D & Sahni A 2009c. K–T 
transition in Deccan traps and intertrappean beds in central India mark 
major marine seaway across India. Earth and Planetary Science Letters 
282: 10–23.

Keller G 2010. KT Mass Extinction: Theories and Controversies. Geoscientist 
online 5 May 2010.

Lamolda MA, Gorostidi A & Paul RC 1992. Quantitative estimates 
of calcareous nannofossil changes across the Plenus Marls (latest 
Cenomanian), Dover, England: implications for the generation of 
the Cenomanian–Turonian boundary event. Cretaceous Research 15: 
143–164.

Lees JA 2002. Calcareous nannofossils biogeography illustrates palaeoclimate 
change in the Late Cretaceous Indian Ocean. Cretaceous Research 23: 
537–634.

MacLean D 1985. Deccan traps mantle degassing in the terminal Cretaceous 
marine extinctions. Cretaceous Research 6: 235–259.

Medlicott HB 1869. Geological sketch of the Shillong Plateau in northeastern 
Bengal. Memoir of the Geological Survey of India 7: 151–207.

Norris RD 2001. Impact of K–T boundary events on marine life. In: Briggs 
DEG & Crowther PR (Editors)—Palaeobiology II, Oxford, Blackwell, 
Science: 229–231.

Pandey J l981. Cretaceous foraminifera of Um Sohryngkew Section, 
Meghalaya. Journal of the Palaeontological Society of India 25: 53–75.

Perch–Nielsen K 1985. Mesozoic calcareous nannofossils. In: Bolli HM, 
Saunders JB & Perch–Nielsen K (Editors)—Plankton stratigraphy. 
Cambridge University Press: 329–426.

Perch–Nielsen K, McKenzie J & He Q 1982. Biostratigraphy and isotope 
stratigraphy and the “catastrophic” extinction of calcareous nannoplankton 
at the Cretaceous/Tertiary boundary. Geological Society of America 
Special Paper 190: 353–371.

Pope KO, Ocampo AC & Duller CE 1991. Mexican site for K/T impact 
crater. Nature 351: 105.

Rai J, Malarkodi N & Singh A 2013. Terminal Maastrichtian age calcareous 
nannofossils preceding K/T mass extinction from Ariyalur Formation, 
Vridhhachalam area, south India. Special Publication Geological Society 
of India 1: 1–15.

Raja Rao CS 1981. Coalfields of India: Coalfields of northeastern India. 
Bulletin Geological Survey of India, Series A 45: 1–76.

Rao JM, Rao GVSP & Sarma KP 2008. Precambrian mafic magmatism of 
the Shillong Plateau, Meghalaya and their evolutionary history. Journal 
of the Geological Society of India 73: 143–152.

Reimann K–U 1993. Geology of Bangladesh. In: Reimann KU (Editor)—
Gebruder Borntraeger, Berlin, Stuttgart: 1–160.

Roth PH & Krumbach KR 1986. Middle Cretaceous calcareous nannofossil 
biogeography and preservation in the Atlantic and Indian oceans: 
implications for paleoceanography. Marine Micropaleontology 10: 
235–266.

Rowley DR 1996. Age of initiation of collision between India and Asia: a 
review of stratigraphic data. Earth and Planetary Science Letters 145: 
1–13.

Schulte P, Alegret L, Arenillas I, Arz JA, Barton PJ, Bown PR, Bralower TJ, 
Christeson GL, Claeys P, Cockell CS, Collins GS, Deutsch A, Goldin 

TJ, Goto K, Grajales–Nishimura JM, Grieve RAF, Gulick SPS, Johnson 
KR, Kiessling W, Koeberl C, Kring DA, MacLeod KG, Matsui T, Melosh 
J, Montanari A, Morgan JV, Neal CR, Nichols DJ, Norris RD, Pierazzo 
E, Ravizza G, Rebolledo–Vieyra M, Reimold WU, Robin E, Salge T, 
Speijer RP, Sweet AR, Urrutia–Fucugauchi J, Vajda V, Whalen MT & 
Willumsen PS 2010. The Chicxulub asteroid impact and mass extinction 
at the Cretaceous–Paleogene boundary. Science 327: 1214–1218.

Shafik S 1990. Late Cretaceous nannofossil biostratigraphy and biogeography 
of the Australian western margin. Bureau of Mineral Resources, Geology 
& Geophysics 295: 1–164.

Smit J, Roep TB, Alvarez W, Montanari A, Claeys P & Grajales–Nishimura 
JM 1996. Coarse–grained, clastic sandstone complex at the K/T boundary 
around the Gulf of Mexico: Deposition by tsunami waves induced by the 
Chicxulub impact? In: Ryder G, Fatovsky D & Gartner S (Editors)—
The Cretaceous–Tertiary event and other catastrophes in Earth history. 
Geological Society of America, Special Paper 307: 151–182.

Tantawy AAAM 2002. Calcareous nannofossil biostratigraphy and 
palaeoecology of the Cretaceous–Tertiary transition in the central eastern 
desert of Egypt. Marine Micropaleontology 47: 323–356.

Thibault N & Gardin S 2006. Maastrichtian calcareous nannofossil 
biostratigraphy and palaeoecology in the Equatorial Atlantic (Demerera 
rise, ODP Leg 207 Hole 1258A). Revue de Micropaléontologie 49: 
199–214.

Thibault N & Gardin S 2007. The late Maastrichtian nannofossil record 
of climate change in the South Atlantic DSDP Hole 525A. Marine 
Micropaleontology 65: 163–184.

Thibault N & Gardin S 2010. The calcareous nannofossil response to the 
end–Cretaceous warm event in the Tropical Pacific. Palaeogeography 
Palaeoclimatology Palaeoecology 291: 239–252.

Thibault N & Husson D 2016. Climatic fluctuations and sea–surface 
water circulation patterns at the end of the Cretaceous era: Calcareous 
nannofossil evidence Palaeogeography Palaeoclimatology Palaeoecology 
441: 152–164.

Thierstein HR 1981. Late Cretaceous nannoplankton and the change at the 
Cretaceous–Tertiary boundary. In: Warme JE, Douglas RG & Winterer EL 
(Editors)—The Deep Sea Drilling Project: a Decade of Progress. Society 
of Economic Paleontologists and Mineralogists 32: 355–394.

Watkins DK & Self–Trail JM 2005. Calcareous nannofossil evidence 
for the existence of the Gulf Stream during the late Maastrichtian. 
Paleoceanography 20: A3006. doi.org/10.1029/2004PA001121.

Watkins DK, Wise Jr SW, Pospichal JJ & Crux J 1996. Upper Cretaceous 
calcareous nannofossil biostratigraphy and paleoceanography of the 
Southern Ocean. In: Moguilevsky A & Whatley R (Editors)—Microfossils 
and Oceanic Environments. Aberystwyth Press, University of Wales: 
355–381.

Williams JR & Bralower TJ 1995. Nannofossil assemblages, fine–fraction 
stable isotopes, and the paleoceanography of the Valanginian–Barremian 
(Early Cretaceous) North Sea Basin. Paleoceanography 10: 815–839.

Wind FH 1979. Maestrichtian–Campanian nannofloral provinces of the 
southern Atlantic and Indian Oceans. In: Talwani M, Hay WW & Ryan 
WBF (Editors)—Deep Drilling Results in the Atlantic Ocean: Continental 
Margins and Paleoenvironment. AGU, Maurice Ewing, Series 3: 23–137.

Worsley T & Martini E 1970. Late Maastrichtian nannoplankton provinces. 
Nature 225: 1242–1243.


