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Preface

Palynology, which deals with the study of organic walled microfossils has now
emerged as a time-tested tool in stratigraphy, reconstruction of past vegetation, under-
standing depositional environments and climate. This book deliberates an overview
of the role palynology plays in solving various geological problems, right from the
Precambrian to Recent. Precambrian palynology is significant in understanding the
origin of life on the earth, biostratigraphy, and the early atmosphere. The fluvio-
lacustrine Gondwana sediments have rich coal deposits. Palynological studies of
Gondwana sediments help in age determination and coal seam correlation. Paly-
nology also plays a key role in understanding the changing climate and depositional
environment of the Gondwana Supergroup. The intertrappean sediments of the Early
Cretaceous Rajmahal Traps are significant in understanding Ptillophyllum flora and
the evolution of the early angiosperm on the Indian subcontinent. Late Cretaceous-
Early Palaeocene Deccan volcanic activity is an important geological event on the
Indian subcontinent. This massive volcanic event is considered as one of the causes of
the mass extinction of biota across the globe. The Deccan volcanic associated paly-
noflorarich infra and intertrappean sediments are useful in understanding floral diver-
sity, age, depositional environments, and paleoclimate before the onset of volcanic
activity as well as during volcanic activity. The palynoflora of this time is also useful
in understanding the origin and evolution of many angiosperm families and tracking
palynofloral changes across the Cretaceous-Palaeocene boundary. Post-Deccan Pale-
ogene palynology has played a pivotal role in deciphering the floral change associ-
ated with the equatorial latitudinal position of India and understanding their age and
depositional environments. Significantly, the palynoflora of the Palacocene-Eocene
deposits of the Indian subcontinent show similarity with the present day tropical and
subtropical flora of Africa and Southeast Asia.

The role of palynology in comprehending climate change in the pre-industrial
Common Era is enormous. This period has seen global climate events that have
influenced socio-economic events and the ancient Indian economy. Alike, the signif-
icance of palynology in deciphering the impact of anthropogenic activity on the
environment is quite remarkable. These topics have been thoroughly analysed and
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covered in this book. The study of modern pollen rain and its taxonomic characteri-
zation helps in knowing the climatic conditions of any region. This methodology can
be effectively used to understand past climatic conditions. Another emerging aspect
of palynology is its utilization in the field of archaeology. These days, archaeob-
otany and palynology are actively used in decoding floral biodiversity, paleoclimate,
and human-plant relationships. Organic geochemistry and its use as a hydrocarbon
biomarker are emerging fields in petroleum exploration. Organic matter in plants
acts as a biomarker for elucidating the source of organic matter and past depositional
environment interpretation. Details of organic geochemistry techniques and their
role in understanding the paleo-vegetation of the Cambay Basin of western India are
outlined in this book. Last but not the least, coal and petroleum resources are the
backbone of energy resources and the economic development of any country and the
paper highlights the role of palynology in the exploration of coal and petroleum.

Additionally, this book brings into focus the contribution of Indian palynologists
in understanding the past floral diversity, climate, and depositional environments of
the Indian subcontinent.

Nagpur, India Bandana Samant
Deepali Thakre
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Precambrian Microfossils: Indicators )
of Early Life and Environments e
on the Earth

Bandana Samant

Abstract Precambrian biota, which primarily includes bacteria, prokaryotes,
protists, algal-stromatolites, organic- walled microfossils (micro and macrofossils)
and trace fossils, plays a significant role in understanding early life as well as their
diversification on the Earth. In addition, they are also used in biostratigraphy, to under-
stand the depositional environment, early biosphere, and atmosphere. A review of
Precambrian biota, recovered from the Archean, and Proterozoic sedimentary rocks
of India, reveals the presence of diverse assemblages of organic remains. These
remains play a significant role in understanding Indian Precambrian biostratigraphy
and early life.

Keywords Precambrian + Microfossils + Organic walled microfossils + Evolution -
Biostratigraphy

1 Introduction

The Precambrian Era, which is broadly divided into the Archean (4000-2500 Ma)
and Proterozoic (2500-541 Ma), is the period when simple life forms evolved on
the earth. Over billions of years of the evolutionary cycle, simple life evolved into
complex forms (Woese et al. 1990). Previously, records of microscopic life from the
Precambrian sediments were viewed with doubt and scepticism. However, current
studies and records of numerous biotic remains of the Precambrian viz, bacteria,
protists, stromatolites, organic walled microfossils, and biomarkers, are now consid-
ered an important tool in biostratigraphy and understanding the early evolution of
life and depositional environments (Sharma et al. 2021).
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Stromatolites are the oldest Precambrian organo-sedimentary structures and they
are thought to be an indicator of life in Precambrian sediments. Stromatolites found
in the North Port Chert Member of the Dresser Formation are the best preserved, and
probably the oldest biogenic structures (Djokic et al. 2017; Baumgartner et al. 2019).
The oldest accepted fossilized microorganisms have been reported from the 3770/
4280 Ma Nuvvuagittuq Belt of Quebec, Canada (Dodd et al. 2017). Another signif-
icant microbial sedimentary structures from the Precambrian rocks are Microbially
Induced Sedimentary Structures (MISS), recorded by Noffke (2000; Noffke et al.
2001a, b). So far, 17 different types of MISS have been reported. These forms are
widely known from Australia (Noffke et al. 2013), Africa (Noftke et al. 2006; 2013)
and Greenland (Retallack and Noftke 2018). Holland (2006) proposed the signifi-
cance of these microfossils in assessing the oxygen level of the primitive atmosphere.
Overall, the Precambrian biota plays an important role in understanding evolution and
diversification of life in the present-day earth’s biosphere. This chapter discusses the
Indian Archeozoic and Proterozoic micro- and macrofossil records, as well as their
biostratigraphic significance and the role they play in deciphering the depositional
environments.

2 Indian Archeozoic Microfossils

The record of microfossils from the Archeozoic cratonic rocks is scarce. Archean
microbial mats, filamentous microfossils, and stromatolites are recorded from the
Dharwar and Singhbhum Cratons (summarised in Sharma et al. 2021). Recently,
stromatolite like structures called “Egg Craton” were recorded from the Dharwar
Craton (Shukla and Sharma 2020a), it is the second occurrence of such structures in
the world (Allwood et al. 2006).

3 Indian Proterozoic Microfossils

Proterozoic sedimentary basins of the Indian shield are mainly the Bijawar, Sonrai,
Gwalior, Abujhmar, Bhima, Chhattisgarh, Cuddapah, Khariar, Ampani, Indravati,
Sukma, Pranhita-Godavari, Kaladgi, Bhima, and Vindhyan (Ramakrishnan and
Vaidyanathan 2008). A variety of MISS have been recorded from the Proterozoic
rocks of northern India (Banerjee and Jeevankumar 2005; Banerjee et al. 2006, 2010;
Raghav et al. 2005; Kumar and Pandey 2009; Kumar and Ahmad 2014 etc.). These
structures have also been recorded from the Cuddapah Basin, suggesting a shallow
marine, reducing depositional environment (Goswami et al. 2017). The oldest record
of Palaeoproterozoic stromatolites is from the carbonate sedimentary rocks of the
Cuddapah Supergroup (King 1872). Later on, Loon and Mazumder (2013) recorded
Palaeoproterozoic stromatolites from the Iron Ore Series rocks of Singhbhum craton.
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Many workers have reported various forms of stromatolite from the Cuddapah Super-
group (summarised by Sharma et al. 2021). According to Khelen et al. (2017), the
various shapes of stromatolites are related to the interaction between mat growth,
current structures, and sediment supply. They (op. cit.) also used them to reconstruct
marine depositional environments, such as shallow shelf (marginal, inner and outer),
open ocean, and anoxic conditions. The carbon and oxygen isotope studies of stroma-
tolites have been used for understanding the paleotemperature of the Vampalli Forma-
tion of the Cuddapah Group (Chakrabarti et al. 2011). It is noteworthy that the Indian
Proterozoic sedimentary rocks show a large amount of phosphatic deposition, and this
phosphatic concentration is attributed to the scavenging of the microbial carpets from
the sea water (Banerjee et al. 1986). Salujha et al. (1972a, b) reported the various
species of Leiosphaeridia and Kildinosphaera. Shukla (2011) described Neopro-
terozoic biofils from Bhima Formation. Shukla and Sharma 2020b proposed that the
biofilms facilitate precipitation of phosphorous and iron rich mineral forming bands.
Carbonaceous shales associated with stromatolites have yielded a good number of
organic walled microfossils (Jankauskas et al. 1989) that have helped in under-
standing the evolution and diversification of Precambrian life (Knoll 1996; Sergeev
et al. 2008, 2012) (Fig. 1).

Organic walled microfossils (OWM) include cyanobacterial and eukaryotic fossil
remains. The Great Oxidation Event (GOE) of 2.45-2.32 GA is an important period
in the earth’s history as it changed the pace of life on the earth (Schirrmeister et al.
2013) and caused the diversification of cyanobacteria. On the Indian subcontinent,
diversification of Organic walled microfossils is also observed in the Mesoroterozoic
and Neoproterozoic sediments. A good number of OWM have been recorded from the
Vindhyan, Chhattisgarh, Kurnool, Bhima, Kaladgi and Krol Belt of Lesser Himalaya
(Kumar and Srivastava 1995; Moitra 1999; Prasad et al. 2005; Sharma 2006; Sharma
et al. 2009; 2016; Singh and Sharma 2014, 2016, 2019; Singh et al. 2011; Sharma
and Shukla 2012a, b; Pandey and Kumar 2013; Shukla and Tiwari 2014).

Acritarchs, an important tool for the biostratigraphy of Proterozoic rocks, espe-
cially Tappania and Valeria, from Australia, (Javaux et al. 2001; Lamb et al. 2009;
Knoll 2014; Adam et al. 2017) and China (Yin 1997), are also recorded from India.
Various species of Tappania have been documented from the Bahraich Group in
Ganga Basin (Prasad and Asher 2001), the Semri Group (Lower Vindhyan) from
Vindhyan Basin (Prasad et al. 2005, 2007) and the Saraipali Formation (Singhora
Group), Chhattisgarh Basin (Singh et al. 2019c). Acritarchs are also recorded from
the Chhattisgarh Supergroup (Singh et al. 2019a, b, ¢), Vindhyan Supergroup (Maithy
1992; Venkatachala et al. 1996; Prasad et al. 2005, 2007; Prasad 2007), and subsurface
sediments of the Marwar Supergroup, Bikaner-Nagaur Basin (Prasad et al. 2010) and
Ganga Basin (Prasad and Asher 2001). Tappania planta, a eukaryotic fossil, and the
botuliform microfossil Jacutianema solubila have been recovered from the Chhat-
tisgarh Basin (Singh et al. 2016, 2019¢), Ganga Basin (Prasad and Asher 2001) and
the Vindhyan Basin (Prasad et al. 2005, 2007; Singh and Sharma 2016; Asher et al.
2017; Singh et al. 2019a). Tonian age marker acritarchs, Trachyhystrichopshaera
have also been recorded from the subsurface sediments of the Ganga Basin (Prasad
and Asher 2001; Asher et al. 2017; Tang et al. 2017).
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Fig. 1 Map showing Proterozoic basins of India, 1. Marwar Supergroup, 2. Jammu Lst, 3. Larji
Fm., 4. Shali Fm., 5. Deoban Fm., 6. Pittoragarh Fm., 7. Sataun Lst., 8. Delhi Supergroup, 9.
Vindhyan Supergroup, 9a. Gwalior Basin, 9b. Bijawar Basin, 9c. Sonrai Basin, 10. Chhattisgarh
Basin, 11. Khariar Basin, 12. Ampani Basin, 12a. Keskal and Singanpur outliers, 13. Abujmar
Basin, 14. Indravati Basin, 14a. Chedrapal outlier, 15. Sabari/Sukma Basin, 16. Pranhita Godavari
Basin, 17. Pakhal Basin, 18. Palnad Basin, 19. Cuddapah Basin, 20. Kurnool Basin, 21. Kaladgi
Basin, 22. Bhima Basin, 23. Aravalli Supergroup (modified after Sharma et al. 2020; Kale 1991)

Cyanobacterial microfossils are recorded from the Aravalli Group (Banerjee
1974), Cuddapah, and Karnool basins (Salujha et al. 1972a, b; Schopf and Prasad
1978; Gururajaetal. 1979; Gururaja and Rao 1980; Sharma and Shukla2012a,2012b,
2016; Shukla and Sharma 2020a). A very large size coccoidal microfossils have also
been recorded from the Vindhyan Supergroup (Shukla and Sharma 2016; Sharma
and Shukla 2019a). Heterocysts and akinetes are known from many Paleoprotero-
zoic and Mesoproterozoic rocks of India (Sergeev et al. 2012; Sharma and Shukla
2019a). The oldest recorded eukaryotic fossil from India, Shuiyousphaeridium echin-
ulatum, is from the Semri Group in Vindhyan (Kumar and Srivastava 1991; Anbarasu
2001; Singh and Sharma 2014). Rhodophytes are recorded from the Son valley of
Chitrakoot (Bengtson et al. 2017; Sallstedt et al. 2018). Remains of Grypania, an
oldest eucaryotes which evolved around 1.9-1.8 Ga (Han and Runnegar 1992) have
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also been recorded from the Rohtas Group of Vindhyan Supergroup (Sharma and
Shukla 2009).

In addition, carbonaceous microfossils are also recorded from the Indian Protero-
zoic rocks. Algal carbonaceous fossils are recorded from the Vindhyan, Chhattis-
garh, Kurnool, and Bhima formations (Sharma and Singh 2019b). Late Proterozoic
Chuarids (Chuaria and Tawuid) and other coccoid microfossils are recorded from
the Kurnool Group (Das Sharma et al. 1992; Ashok Kumar et al. 1993; Sharma and
Shukla 2012a, b, 2016). These microfossils are important age marker fossils and are
significant in giving information about the transition of organisms from unicellularity
to multicellularity. The largest carbonaceous fossil of Tawuia dalensis was recorded
from the Early Neoproterozoic rocks of the Lesser Himalaya (Sharma et al. 2016).
Well preserved benthic multicellular algae of the Phaeophyceae are also known from
the Chhattisgarh Basin (Babu and Singh 2011; 2013) (Fig. 2).

The Ediacaran period represents the end of the Precambrian. It is represented by
an assemblage of sessile soft bodied organisms that are preserved as impressions.
A lot of burrowing and bioturbations are reported from the Cuddapah and Kurnool
basins (Kale et al. 1997; Gururajan et al. 2000; Sharma 2008; Vijayam 1968; Arya
and Rao 1979; Sharma 2008). Ediacaran disc like structures and some strange fossils
are also known from Ediacaran successions (Shukla and Sharma 2020b; Kumar and
Ahmad 2016; Pandey and Sharma 2017; Pandey et al. 2019a, b). A diverse Ediacaran
Complex Acanthomorphs palynoflora is recovered from the Vindhyan Supergroup
(Prasad and Asher 2016). Obruchevell, a Vendian marker, is recorded from the Owk
Shale of the Kurnool Group (Sharma and Shukla 2012a).

The Krol belt in the Lesser Himalaya represents a thick, uninterrupted sequence
of the Ediacaran-Lower Cambrian interval. These sequences have diverse acantho-
morphic acritarch sequences. Shukla and Tiwari (2014) reported large sized acantho-
morphic acritarchs from the Krol Formation in the Ediacaran horizon. Acritarchs are
also recorded from the Infra Krol sequences. (Tiwari and Knoll 1994; Tiwari 1996;
Tiwari and Pant 2004). Ichnofossils, which are important in understanding meta-
zoan activity on the earth and benthic activity of organisms in marine life (Jensen
et al. 2000) have been recorded from the Krol-Tal formations (Singh et al. 2019a,
b, ¢). From the Mussoorie and Garhwal areas, trace fossils and shelly fauna were
recorded by Banerjee and Narain 1976; Singh and Rai 1983; Azmi 1983; Azmi and
Joshi 1983; Azmi and Pancholi 1983). Ichnofossils were also recorded from Marwar
Supergroup; Kurnool and Bhima groups.
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Fig. 2 a Organic walled tubular fossil Shaanxilithes ninggiangensis recorded from the very top of
the Krol Group and in the basalmost Tal Group in Nigalidhar syncline of India preserved as organic
compression on the bedding surface. (A) assemblage of Shaanxilithes ninggiangensis showing the
annulations and high sinuosity; (B—E) magnified views of S. ninggiangensis demarcated by boxes at
different levels. (A) showing the diagnostic properties; B, D-E) curved ribbon like feature showing
annulations; (C) discoidal shaped S. ninggiangensis with poorly preserved annulations (Museum
specimen no. BSIP 41,863; Scale bar A = 1 cm, for B-E = 0.5 cm). b Microfossils assemblage of
the Owk Shale, Kurnool Basin, South India. (A) Spheroidal small vesicles tightly arranged in planar
colonies Ostiana microcystis; (B) spirally coiled cyanobacterium Obruchevella delicata; (C) multi-
cellular botuliform microfossil Jacutianema solubila; (D) loosely coiled filament of Obruchevella
parva; (E) compressed, thin-walled spheroidal vesicles of Leiosphaeridia tenuissima; (F and G)
Ediacaran complex acanthomorph, (F) Cavaspina aff. C. acuminate; (G) Variomargosphaeridium
aff. V. litoschum (A: Slide no. BSIP-16351; B: Slide no. BSIP-16643; C: Slide no. BSIP-14401;
D: Slide no. BSIP-16643; E: Slide no. BSIP-14405; F: Slide no. BSIP- 16,348; G: Slide no. BSIP-
16346; Scale bar for B = 10 wm; for rest of the specimens = 20 wm) (A, C, E, F, G after Shukla
et al. 2020a, b), (Reprinted from Sharma et al. 2021, copyright (2021), published with permission
from, Springer; License Number: 5544181150056)
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4 Summary

The preceding review of Indian Archean and Proterozoic rocks show the presence
of well preserved and quantitatively and qualitatively diverse fossil remains, that not
only played a crucial role in Precambrian biostratigraphy but also aided in compre-
hending the evolution and diversification of early life and the early biosphere of the
earth.
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Abstract The Gondwana sedimentary deposits are spread across the Indian Penin-
sula. The Gondwana sequences in Peninsular India are mostly non-marine. Based on
morphological features of palynoflora and megaflora, palynomorphs from different
biostratigraphic sediments (Talchir to Supra Panchet) of Gondwana show a high
degree of variation. Based on the microstructures of exine among spores, the prim-
itive and younger states of the sediments are confirmed with time. The morpho-
logical characteristics of pollen spores help in their evolutionary sequence through
different time scales, hence playing a vital role in biohorizon stratigraphy. Apart from
this, palynomorphs also help in delineating the biostratigraphic age, First Appear-
ance Datum (FAD), LAD (Last Appearance Datum), DOD (Dominance of Datum),
assemblage zones, and palaeoclimate. The current paper provides an overview of the
role of palynology in determining the biostratigraphic ages, palaeoclimatic condi-
tions, and correlation of Indian Gondwana sediments. The data presented here is the
basic framework for further refinement of chronology based on palynology. It is a
compilation of published data from peninsular India.
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1 Introduction

The sedimentary rock strata ranging in age from the Permo-Carboniferous to the
Early Cretaceous (Asselian to Albian; 299 to 100 Ma), found in patches in different
parts of India, South Africa, South America, Madagascar, Australia, and Antarc-
tica, are referred to as Gondwana. These landmasses were joined together in the
geological past, constituting the supercontinent called Gondwanaland. Some char-
acteristic features are the presence of coal, fossilized remains of land plants, and
vertebrates. The social importance of the Gondwana Supergroup is conferred by
the fact that more than 99% of the total coal resource of the Indian subcontinent is
hosted in the Gondwana basins. The palaeontological and stratigraphical studies of
the Indian Gondwana have revealed that the accumulation of sediments occurred in
several discrete inter-cratonic basins in the peninsula. The major Gondwana basins in
India are in the peninsular region (Fig. 1) and are dispersed along modern-day river
valleys, viz., the Godavari, Son-Mahanadi, Narmada, and Pranihta-Godavari. The
Indian Gondwana basins are usually named after these rivers. The Gondwana sedi-
ments show distinct characteristics as most of its land area occupied high latitudes in
the southern hemisphere (Gondwanaland), providing a unique environment (Veevers
1993; Tiwari and Kumar 2002). Under the influence of Gondwana’s climate, ecology,
land-sea distribution, and geotectonics, the typical flora and fauna of the Gondwana
region maintained their identities during the Permo-Carboniferous to Early Creta-
ceous (mainly in the Permian). The palacogeographic configuration mentioned above
is supported by the strong association between the floras of Gondwanaland during
the Permian (the Glossopteris floral province) and most of the Mesozoic.
Palaecontology plays the most important role in understanding the then geolog-
ical events of the past, and among the studies of palaeontology, palynology is a
high-precision tool for the process. The term was proposed by Hyde and Williams
(1944). Palynology studies acid resistant organic microfossils (5-500 wm in diam-
eter) such as spores, pollen, dinoflagellate cysts, microscopic algae, megaspores, etc.
Throughout much of geologic time, these microscopic plant particles have accumu-
lated in sediments without losing their morphological characteristics. Their recovery
from residues enables the palynologist to establish a correlation based on time equiv-
alence. The palynologist analyses the particulate samples collected from the air, from
water, or deposits, including sediments of any age. The condition and identification
of those particles, organic and inorganic, give the palynologist clues to the life, envi-
ronment, and energetic conditions that produced them. Flora and fauna during the
Permian and Mesozoic were influenced by different climates, ecology, and land-sea
distribution, but they maintained their identities (Tiwari and Vijaya 1995). Hence, it
is an essential tool for studying different geological and biological events.
Palynology serves as an essential tool, since it has been used worldwide for dating,
correlation, palaecovegetational, and palaeoclimatic interpretation of the Gondwana
sediments (Tiwari and Tripathi 1992; McLoughlin 2001; Backhouse et al. 2002;
Souza and Marques-Toigo 2005; Jha 2006; Quattrocchio et al. 2006; Shi et al. 2010;
Tripathi et al. 2012; Jha et al. 2012; Jha et al. 2014; Souza et al. 2015; Sahoo
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Fig. 1 Gondwana basins of peninsular India

et al. 2020a, b). The sediments and the biota in Eastern Gondwana were similar
as the continents were together during the Permian and until the Lower Cretaceous
(Aptian-Albian). As the landmasses were together (the last phase of Gondwanaland),
uniformity prevailed in Australia and Antarctica until the Early Cenozoic.

There is always a debate between geologists and palaeontologists concerning
the age of sediments. But the bioentities (megaflora or palynoflora) are imperative
for determining the age of the deposits. The biological entities of the Permian are
essential tools for correlating their relationships throughout the continents of Gond-
wanaland. It helps in delineating the relationship between the regions and calibrating
the chronostratigraphy. Palaeontologists are considering the palynological tool for
filling the geological gaps and prevailing problems based on the chronology of the
Indian Gondwana sequences (Tiwari and Tripathi 1992 and references therein).

The palynological study of the Indian Gondwana sequence dates back to the
nineteen-thirties. Since then, data on the morpho-taxonomy and palyno-stratigraphy



