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The Bhuban Formation of Surma Group (lower to middle Miocene) is well
exposed in Aizawl district of Mizoram, India. This formation has been further
divided into lower, middle and upper Bhuban units (Ganju, 1975; Tiwari and
Kachhara, 2003). The present study has been conducted in Upper Bhuban units of
Bhuban Formation exposed along three sections namely, Kulikawn — S. Hlimen,

Temple — MZU and Ramrikawn to Sakawrtuichhun section.

A total of 32 ichnospecies belonging to 16 ichogenera have been identified
from the collection, photographed and described. Out of these 32 ichnospecies, two
ichnospecies could not be identified up to generic level owing to poor preservation
and less numbers of specimens. The remaining 30 ichnospecies were already
described by previous workers. The ichnospecies Phycosiphon isp. and Ancorichnus

isp. are being reported for the first time from Miocene succession of Mizoram.

10 ichnospecies belonging to 9 ichnogenera have been described from
Kulikawn — S. Hlimen section. These include Ancorichnus isp., Diplocraterion
helmerseni, Diplocraterion parallelum, Laevicyclus mongraensis, Pholeus
abomasoformis, Rhizocorallium jenense, Rosselia isp., Skolithos isp., Taenidium isp.
and Teichichnus rectus.These ichnoassemblages represent Skolithos ichnofacies,
Cruziana ichnofacies and at places mixed Skolithos-Cruziana ichnofacies. The
members of the Skolithos ichnofacies Diplocraterion helmerseni, Diplocraterion
parallelum, Laevicyclus mongraensis, O. nodosa, O. borneensis, Laevicyclus
mongraensis, Pholeus abomasoformis, Skolithos isp. and. Cruziana ichnofacies is
represented by Rosselia isp., Taenidium isp. and Teichichnus rectus, whereas mixed
Skolithos-Cruziana ichnofacies is represented by Rhizocorallium jenense and
Rosselia isp. Ethologically, the association belongs to domichnia and fodichnia..
Domichnian signature is present in Diplocraterion helmerseni, Diplocraterion
parallelum, Laevicyclus mongraensis, Rhizocorallium jenense, Skolithos isp.,
Pholeus abomasoformis and fodichnian in Rhizocorallium isp., Taenidium isp. and
Teichichnus rectus.The Skolithos ichnofacies is related to relatively high levels of
wave or current energy and is typically developed in well-sorted, loose or shifting

substrates. Such conditions commonly occur in the foreshore zones. The Cruziana



ichnofacies is most characteristic of poorly sorted, unconsolidated (muddy)
substrates, uniform salinity and low energy conditions in the shoreface/offshore
zones. Together these two ichnofacies indicate sandy shifting substrate and high
energy conditions in foreshore to unconsolidated, poorly sorted soft substrate and
low energy condition in shoreface/offshore zone of shallow marine environment for

the deposition of the succession exposed in Kulikawn to S. Hlimen section.

A total of 20 ichnospecies belonging to 10 ichnogenera have been described
from Temple to MZU section, which include The ichnofossil assemblages
characteristically display the development of Skolithos, Cruziana and mixed
Skolithos-Cruziana ichnofacies. The domichnian signatures are preserved in
ichnospecies like  Diplocraterion  helmerseni, Diplocraterion  parallelum,
Funalichnus ~ bhubani, Laevicyclus mongranesis, Ophiomorpha annulata,
Ophiomorpha borneensis, Ophiomorpha irregulaire, Ophiomorpha nodosa,
Palaeophycus  annulatus, Palaeophycus  striatus, Palaeophycus  sulcatus,
Palaeophycus tubularis, Skolithos verticalis and Skolithos isp. while the fodichnian
features are clearly evident in Cochlichnus anguineus, Planolites beverleyensis,
Thalassinoides suevicus, Thalassionoides horizontalis, Thalassionoides paradoxicus
and Thalassionoides isp. Funalichnus bhubani isp. nov. occur in association with
Diplocraterion and Skolithos which are endichnial burrows of chiefly suspension
feeding organisms and are typical members of the Skolithos ichnofacies (Seilacher,
1967; MacEachern and Pemberton, 1992). The members of the Skolithos ichnofacies
are, Diplocraterion helmerseni, D. parallelum, Funalichnus bhubani isp. nov.,
Laevicyclus mongraensis, Ophiomorpha irregulaire, O. nodosa, O.annulata and
Skolithos verticalis. Cruziana ichnofacies is represented by Palaeophycus sulcatus,
P.tubularis, P. striatus, Planolites beverleyensis, Planolites monatus and
Thalassinoides paradoxicus whereas mixed Skolithos- Cruziana ichnofacies is
represented by Thalassinoides horizontalis and Thalassinoides suevicus. The
development of Skolithos, Cruziana and mixed Skolithos-Cruziana ichnofacies,
indicates that the Upper Bhuban Formation of Temple-MZU section was deposited
under fluctuating energy conditions in foreshore to shoreface/offshore zones of

shallow marine environment.



The Upper Bhuban unit of Bhuban Formation of Ramrikawn -
Sakawrtuichhun section yielded trace fossil assemblage of 15 ichnospecies belonging
to 7 ichnogenera. These include Diplocraterion parallelum, Funalichnus bhubani,
Ophiomorpha  borneensis, Ophiomorpha nodosa, Palacophycus tubularis,
Palaeophycus  sulcatus, Palaeophycus isp., Phycosiphon isp., Planolites
beverleyensis, Planolites 1isp., Skolithos 1isp., Thalassinoides paradoxicus,
Thalassinoides isp. and Ichnospecies Type A. The ichnotaxa described from the
studied succession are typical for the Skolithos and the Cruziana ichnofacies. The
members of Skolithos ichnofacies are Diplocraterion parallelum, Funalichnus
bhubani, Ophiomorpha borneensis, Ophiomorpha nodosa and Skolithos isp.
Cruziana ichnofacies is represented by Palaeophycus tubularis, Palaeophycus
sulcatus, Palaeophycus isp., Phycosiphon isp., Planolites beverleyensis, Planolites
isp., Skolithos isp., Thalassinoides paradoxicus, Thalassinoides isp. and Ichnospecies
Type A.. Etholoically, the assemblage belongs to domichnia and fodichnia groups.
Domichnian signature is reflected in ichnospecies of Diplocraterion parallelum,
Funalichnus bhubani, Ophiomorpha borneensis, Ophiomorpha nodosa and Skolithos
isp. Fodichnian signature reflected by Palaeophycus sulcatus, Palaeophycus
tubularis, Palaecophycus isp., Planolites beverleyensis, Planolites isp.,
Thalassinoides paradoxicus and Thalassinoides isp. The Skolithos and Cruziana
ichnofacies indicates a foreshore to shoreface/offshore shallow-marine environment,

with occasional high-energy depositional conditions.

Correlation of depositional environment of the studied sections has been
attempted with the Miocene successions of other parts of India. Sudan et al. (2002)
suggested that the Murree Group of Jammu and Kashmir was deposited in coastal
environment under brackish to fresh water conditions. The Upper Bhuban
successions in the studied sections may be broadly correlatable with the Murree
Group of Jammu and Kashmir. The Ambalapuzha Formation in Kerela was
deposited under shallow water near-shore marine environment with moderate to high
energy conditions (Mude et a/.,2012). All the three sections of the stud y area are

broadly correlatable with the Ambalapuzha Formation (Mio-Pliocene) in terms of



broad depositional environment. A high energy shallow marine depositional
environment of the Tipam succession of upper Assam shelf inferred by Reddy et al.
(1992) is broadly correlatable with the Upper Bhuban Formation of the study area.
Singh et al. (2010) suggested that the Bhuban and Boka Bil Formations in Manipur
were deposited under frequent fluctuating sea level, moderate to strong energy
condition, subtidal to lower intertidal environment rich in organic nutrients. Thus
these formations are also broadly correlatable with the Upper Bhuabn Formation of

the studied sections in terms of depositional environment.
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CHAPTER 1
INTRODUCTION



1. INTRODUCTION

1.1 GENERAL REMARKS

Mizoram is one of the easternmost states of India. It covers an area of about

21,081 sg. km. between latitudes 22°00" and 24°30°N and longitudes 92°15” and
93°25°E. Mizoram was one of the districts of Assam state till 1972. It became a
Union territory in 1972 and statehood was accorded to it with capital at Aizawl in
1986. The state of Mizoram is surrounded by Chin Hills of Myanmar to the east,
Arakan Hill Tracts to the south, Tripura and Chittagong Hill Tracts of Bangladesh to
the west, Cachar Valley of Assam to the north, and Manipur to the northeast. The
study area falls under the Survey of India Topo Sheet No. 84 A/9 and 84 A/10.

Geologically, Mizoram is a part of the Neogene Surma Basin comprising a
belt of a series of elongated folds having sub-meridional trends and arcuate shape
with westward convexity. The Fold belt is elongated in the N-S direction almost
parallel to the suture zone of the Arakan - Yoma subduction. The altitude varies
between 900m to 1200m from MSL with several peaks attaining a height of more
than 1800m. The elevation in the state rises towards the east, i.e. towards the Chin
Hills of Myanmar (Karunakaran, 1974, Ganguly, 1975 and Nandy, 1982).

The rocks of Mizoram belong to the Surma Group (Lower to Middle
Miocene) that are very well developed in the state. This Group covers about 75% of
the territory of the state. Geological and/or palaeontological studies are inadequate in

the state owing to the hostile nature of the terrain with dense impenetrable forests.

Mizoram can be approached by road through NH-54 which connects Silchar
to Aizawl, the capital of Mizoram. Aizawl is also approachable from Kolkata,
Guwahati, and Imphal by air. An inner Line Permit is necessary for entry or stays
into Mizoram, which can be produced from the Mizoram Houses located in Delhi,
Kolkata, Guwahati, and Silchar. The climate of Mizoram is quite pleasant. The
temperature in the state normally ranges from 7°C to 30°C. It experiences monsoons



from June to September with an annual average of 250 cm. Winter generally starts at
the end of November and lasts till mid of February.

1.2 GEOMORPHOLOGY

Mizoram is a hilly terrain with an aerial extent of 21,081 sg. km. The Mizo
Hills (=Lushai Hills) are trending approximately north-south with a tendency to taper
at both ends. The average elevation of the hills is about 900m and it increases
towards the east. Hills are generally steep and are separated by rivers forming deep
gorges. Blue Mountain (Phawngpui) along the Myanmar border with an elevation of
2,065 m is the highest peak in Mizoram. Dhaleswari (Tlawng), Sonai (Tuirial), and
Tuivawl rivers flow towards the North. These rivers originate in the central part of
the state and drain water into the Barak Valley of Assam. Koladyne (Chhimtuipui)
and Karnafuli. Koladyne, the main river in the state is the important southerly
flowing river that originates from Myanmar and flows southerly through a distance
of about 500 km in Mizoram and enters again in Myanmar. Karnafuli River
originates at the southern tip of Mizoram, flows northerly up to the middle of the
state, then takes a turn towards the west and enters Bangladesh.

Topographic features in the state show prominent relief, as the terrain is
immature due to recent tectonics. The major geomorphic features of the area are the
3 structural and topographic ‘highs’ and ‘depressions’, ‘flats’, and ‘slopes’ that are
arranged linearly. Topographic ‘depressions’ are, in all cases, in accordance
with the normal first-order structural elements but topographic ‘highs’ are recorded
both in structural ‘highs’ and ‘depressions’. Physiographic expression of the state is
characterized by approximately north-south trending steep, mostly anticlinal,
longitudinal, parallel to sub-parallel hill ranges and synclinal narrow valleys. The
anticlines and synclines are intersected by transverse faults. The difference
in elevation between valley floors and hilltops varies greatly from west to east

ranging from 200m to 600m (Karunakaran, 1974).



The area exhibits angular, sub-parallel, parallel, and dendritic drainage
patterns. Lower-order streams run both parallel and across topographic ‘highs’ and

‘depressions’.

1.3. FLORA AND FAUNA

Since northeastern India is a meeting place of eastern and far-eastern floral
and faunal species along with North Indian ones, the state is very rich in flora and
fauna. The entire State abounds in subtropical trees, plants, bushes, grasses, and a
variety of bamboo. Ferns and allies, soft-stemmed herbaceous plants; orchids, and
other epiphytes make a long list of plants endemic to this area with a unique
assemblage of non-tree floral species. Forests in Mizoram are house to a wide variety
of animals like elephants, tigers, leopards, sambhar, deer, bears, wild pigs, Mithun,

mountain goats, flying squirrels, monkeys, snakes, etc.

1.4 PREVIOUS WORK

Although ichnological research started late in India, many workers have
contributed during the 1970s and 80s and showing considerable progress in recent
years. Most of these studies focus on particular stratigraphic intervals, especially
Precambrian-Cambrian, Palaeozoic, and Mesozoic. In the North-Western parts of
India, ichnological studies have been carried out by Chiplonkar and Badve (1970),
Kumar et al. (1975), Tandon and Bhatia (1978), Biswas (1981), Kumar et al. (1982),
Shringarpure (1986), Patel and Shringarpure (1990, 1992), Srivastava and Kumar
(1992), Borkar and Kulkarni (1992, 2006), Sanganwar and Kundal (1997), Kundal
and Sanganwar (1998, 2000), Kundal and Dharashivkar (2006), Kundal and Mude
(2008), Desai et al. (2008), Patel et al. (2008), Desai and Patel (2008), Desai (2012),
Mude (2012), Patel (2012, 2014) and Joseph et al. (2012). A little research work has
been taken up in some parts of South-India by Chiplonkar and Ghare (1979) and
Malarkodi et al. (2009). In the context of the North-Eastern India region, other than
Mizoram, the trace fossils in cores of Kopili, Barail, and Tipam sediments of the
Upper Assam shelf have been carried out by Reddy et al. (1992); Bandopadhyay et



al. (2009) worked on the Namunagarh grit of Eocene age in South Andaman island
and suggested that the island is a submarine fan deposit where sedimentation
occurred in the deep marine environment mainly by turbidity currents. A detailed
ichnological analysis, for the first time, has been performed on the Upper Eocene-
Lower Oligocene Transition of Manipur, Indo-Myanmar Ranges by Singh et al.
(2008). Ichnological research in various parts of Manipur has also been carried out
by Singh et al. (2010) and Khaidem et al. (2015). The Cenozoic sediments from the
Disang and Barail groups of the area contain a relatively abundant and moderately
diverse trace fossil assemblage that has been characterized at the ichnogenus and
ichnospecies levels. A total of eight ichnospecies, which belong to Skolithos and/or
Cruziana ichnofacies have been described and suggested that the probable
depositional environment was a shallow-marine environment, with occasional high-

energy conditions.

1.4.1 Miocene ichnological researches in India:

The Miocene ichnological research in India has been mostly carried out in
northeastern India and South India. Important contributions were made by (Reddy et
al., 1992; Mehrotra et al., 2001; Matin and Mukul, 2010; Singh et al., 2010; Kundu
et al., 2012; Brahma et al., 2013; Chakraborty et al., 2013; Lokho and Singh, 2013)
and Western areas (Patel, 1990, 1998; Patel and Shringarpure, 1990, 1992; Kundal et
al., 2005; Kundal and Dharashivkar, 2006; Kundal and Mude, 2008; Mude, 2012a,
b). Only punctual ichnological studies have been conducted in the North (Agrawal
and Singh, 1983; Sudan et al., 2002) and South India (Mude et al., 2012). Recently,
Tovar (2014) reviewed the ichnological studies carried out in the Miocene succession
of India. He carried out this review based on the ichnological studies performed in
Northeast India, Northern India, Southern India, and Western India. A summary of

this review is presented in Table 1.1. The detail of this review is as under.



Tablel.1. Published literature on Miocene ichnological research in India (Tovar,

2014).
Location | Referen | State Stratigraph | Ichnotaxa
ce ic
Horizon
Northern
India
1) Agrawal | Uttar Siwalik Heterocerus
and Pradesh | successions
Singh
(1983)
(2) Sudan et | Jammu Murree Chondrites isp., Cosmorhaphe
al.(2002) | and Group fuchsi, Dendrotichnium cf.
Kashmir | (late Eocene | llarenai, Imbrichnus cf.
early wattonensis, Ophiomorpha isp.,
Miocene) Planolites isp., Skolithos isp.,
Thalassinoides isp.
Southern
India
(3) Mude et | Kerala Ambalapuz | Planolites beverleyensis,
al. ha Skolithos linearis
(2012) Formation
N-E India
4) Reddy et | Assam Tipam ? Muensteria sp., Planolites
al. successions | sp., Thalassinoides sp.,

(1992)

Skolithos verticalis




(5) Mehrotra | Mizoram | Bhuban Teredolites clavatus
et al. Formation
(2001)
(6) Lokho Mizoram | Bhuban Ophiomorpha isp.,
and Formation | Palaeophycus isp.,
Singh Psilonichnus upsilon,
(2013) Skolithos isp., and
Teichichnus spiralis
(7) Singh et | Manipur | Bhuban Ancorichnus ancorichnus,
al. Formation | Arthrophycus isp.,
(2010) and Boka Diplocraterion isp.,
Bil Fucusopsis angulatus,
Formation Gyrochorte comosa,
(Miocene) | Helminthoida isp., Lockeia
siliquaria, Ophiomorpha
nodosa, Palaeophycus
alternatus, P. tubularis,
Planolites beverleyensis,
Phycodes isp., Psilonichnus
upsilon, Rutichnus
irregularis, Thalassinoides
isp.
(8) Chakrab | Sikkim Siwalik Cylindricum isp., Macanopsis
orty et successions | isp., Naktodemasis isp.,
al. Planolites isp.

(2013)




9) Rajkonw | Mizoram | Bhuban Cochlichnus anguineus,
ar et al. Formation | Diplopodichnus biformis,
(2015) Funalichnus bhubani, Gordia
marina, Palaeophycus striatus,
P. tubularis, Planolites
beverleyensis, Planolites isp.,
Psilonichnus upsilon,
Psilonichnus isp.,
Rhizocorallium isp. Type A,
Rhizocorallium isp. Type B,
Skolithos isp., Teredolites
clavatus, T. longissimus,
Thalassinoides horizontalis and
T. suevicus
Western Aqui@anign,
India eI?nudrdlgallan
Helvetian
(10) Patel and | Gujarat Arenicolites, Chondrites,
Shringar Cylipdricum, Monocraterion,
Ophiomorpha, Palaeophycus,
pure Planol_it_es, Scolicia, Skolithos,
(1990) '?'gfcnh%:!t:ﬂr:so,r'm:iassinoides
(11) Patel and Vinjhanian
Shringar stage
pure(199 | Gujarat Limulicubichnus
2)
(12) Patel and | Gujarat | Babaguru Lithophaga, Lithotrya and
Shringar Fm micro-scale boring

pure(199




8)

(13) Kundal Gujarat | Neogene- Keckia annulata,
et al. Quaternary | Ophiomorpha nodosa,
(2005) deposits Palaeophycus tubularis,
Planolites beverleyensis, PI.
montanus, Thalassinoides
paradoxicus.
(14) Kundal | Gujarat | Dwarka Cylindrichnus concentrichus,
and Formation | Keckia annulata, Laevicyclus
Dharashi mongraensis, Ophiomorpha
vkar borneensis, O. irregulaire, O.
(2006) nodosa, Palaoephycus
heberti, P. tubularis,
Planolites annularis, PI.
beverleyensis, Pl. montanus,
Psilonichnus upsilon,
Rhizocorallium karaiensis, R.
yelamensis, Skolithos isp.,
Thalassinoides paradoxicus, T.
suevicus
(15) Kundal Gujarat Granularia isp.,
and Babaguru | Ophiomorpha irregulaire,
Mude Fm 0O.nodosa, Palaeophycus
(2008) heberti, P. tubularis,
Planolites berverleyensis
(16) Mude Gujarat | Kand Laevicyclus mongraensis,
(2012a) Formation | Planolites beverleyensis,
Skolithos linearis, S. verticalis
17 Mude Gujarat Laevicyclus mongraensis,

(2012b)

Planolites beverleyensis, PI.




montanus, Thalassinoides

paradoxicus, T. Suevicus.

1.4.1.1 Northern India:

In Northern India, few trace fossil studies were done in the states of Uttar
Pradesh and Jammu, and Kashmir (Agrawal and Singh, 1983; Sudan et al. 2002).
Agrawal and Singh (1983) described dwelling and feeding burrows mostly of insects
and worms from the fluvial Middle Siwalik successions of Uttar Pradesh. In the state
of Jammu and Kashmir, trace fossils of the Murree Group (late Eocene-early
Miocene) have been described by Sudan et al., (2002). Ichnofossils, mainly
corresponding to feeding-dwelling forms, are facies-related, allowing for the
differentiation of four ichnofacies. These ichnofacies were used to interpret the
environmental conditions during the late Palaeogene related to several settings in

coastal environments (Sudan et al., 2002).

1.4.1.2 Southern India:

Ichnological research in Miocene successions from South India is very
scarce, restricted to a recent study in Kerala state (Mude et al., 2012). Mude et al.
(2012) reported ichnofossils from the Ambalapuzha Formation (Mio- Pliocene)
which constitutes the first report from the Cenozoic successions of Kerala.

Only Skolithos linearis and Planolites beverleyensis were described which
respectively belong to Skolithos and Cruziana ichnofacies, allowing interpretation of
deposition in shallow water, near-shore marine environments with moderate to high

energy conditions (Mude et al., 2012).
1.4.1.3 Northeastern India:
Reddy et al. (1992) first conducted an ichnological study on cores retrieved

from the Assam State, describing several ichnogenera, with? Muensteria sp.

occurring in the Tipam succession of the Mio-Pliocene age. This occurrence,



together with that of trace fossils from the Kopili and Barail Groups (Palaeocene to
Oligocene) served to differentiate ichnofacies and to interpret palaeoenvironmental
conditions of the Upper Assam Shelf.

In the state of Manipur, ichnological research in the Miocene succession is
limited to one study in the Bhuban and Boka Bil, comprising Oligocene-Miocene
sediments of Bhuban and Boka Bil Formations in Manipur Wastern Hill by Singh et
al. (2010). The authors described and integrated facies and ichnofossils to interpret
palaecoenvironmental and palaeo-ecological conditions associated with both
formations. Fifteen ichnospecies were identified revealing a mixture of domichnia
and fodinichnia behaviors, of a variety of ichnofacies (Skolithos, Cruziana,
Skolithos/Cruziana, and Cruziana/Zoophycos ichnofacies). Distribution patterns of
trace fossils and sedimentary features point to fluctuating sea levels and varying
levels of energy and nutrient availability in shallow marine conditions (subtidal to

the lower intertidal environment) (Singh et al., 2010).

Within the state of Mizoram, trace fossil studies stem from the Bhuban
Formation of the Surma Group of early-middle Miocene age (Mehrotra et al., 2001;
Lokho and Singh, 2013). However, its rich and diverse assemblage of ichnofossils is
not yet fully explored and the previous studies are meager. Mehrotra et al. (2001) for
the first time reported Teredolites clavatus from the Upper Bhuban unit of Bhuban
Formation, Ramrikawn area about 10 km west of Aizawl city, Mizoram, and inferred
a warm water shallow marine transgressive phase of deposition for a part of Upper
Bhuban sequence younger to the one exposed at Ropaiabawk, Aizawl. This
ichnospecies was found in association with other shallow marine taxa mainly tellinid
bivalves and fishes. Subsequently, Mehrotra et al. (2002) also described ichnogenus
Palaeophycus from the Barail Group succession exposed at about 8.7 km from
Champhai (a border town in the eastern part of Mizoram) on the Champhai-Aizawl
road. This was considered the first record of Palaeophycus from the Tertiary
succession of North-East India. The ichnogenus represents passive sedimentation.
Rajkonwar et al. (2015) studied the Bhuban succession of the Surma Group (early to
Middle Miocene) which is well exposed in the Zuangtui section of the Aizawl district



of Mizoram and comprises ~40 m thick sequence of alternating sandstone, siltstone
and shale, and their admixtures in various proportion. Highly bioturbated rocks of
this section show behaviorally diverse groups of trace fossils. A total of 17
ichnospecies have been identified from this section. These are Cochlichnus
anguineus, Diplopodichnus biformis, Funalichnus bhubani, Gordia marina,
Palaeophycus striatus, P. tubularis, Planolites beverleyensis, Planolites isp.,
Psilonichnus upsilon, Psilonichnus isp., Rhizocorallium isp. Type A, Rhizocorallium
isp. Type B, Skolithos isp., Teredolites clavatus, T. longissimus, Thalassinoides
horizontalis and T. suevicus. These trace fossils represent the record of Skolithos,
Cruziana, and Teredolites ichnofacies and at places the mixed Skolithos-Cruziana
ichnofacies. Teredolites infested log-grounds and the other ichnological evidence
indicates that the rocks of Bhuban Formation exposed in the Zuangtui area, Aizawl

district of Mizoram were deposited under near-shore high energy conditions.

1.4.1.4 Western India:

The Miocene ichnological researches are comparatively extensive in Western
India is mainly rooted in the state of Gujarat. Early ichnological research of Miocene
successions in Gujarat was conducted in 1990 by Patel, Patel, and Shringarpure. In
his unpublished Ph.D. Thesis, Patel (1990) studied trace fossils in carbonate rocks of
the western Kutch-Gujarat state, recognizing in hard yellowish limestones of the
Vinjhanian stage (early to middle Burdigalian; early Miocene) trace fossils including
Skolithos, Arenicolies, Planolites, Palaeophycus, Macanopsis, and Monocraterion. A
close examination of these rocks made it possible to identify boring activities,
including those by bivalves (Lithophaga borings), barnacles (Lithotrya borings), and
polychaete worms (microboring), giving rise to the interpretation of the typical
Glossifungites ichnofacies developed in firm but unlithified substrates, most likely
intertidal to subtidal (Patel, 1998). Patel and Shringarpure (1990) briefly described
ichnogenera registered in Aquitanian, Burdigalian, and Helvetian rocks, their
abundance, and their ethological significance. Ichnological data were used to
interpret the depositional environments and parameters involved, such as energy and

sedimentation rate (Patel and Shringarpure, 1990). Later, they recorded the presence



of Limulicubichnus from early Miocene rocks in Western Kutch (Patel and
Shringarpure, 1992). They differentiated two species, analyzed the behavior pattern
of the trace maker, and interpreted the associated environmental conditions (Patel
and Shringarpure, 1992). Ichnofossils from the late Eocene to early Miocene of the
Cambay Basin were studied by Kundal et al. (2005), with the presence of

six ichnospecies from the Babaguru Formation (early Miocene). This
ichnoassemblage was associated with the Skolithos and Cruziana facies and littoral
to shallow sublittoral zones (Kundal et al., 2005). Ichnofossils from Neogene to
Quaternary successions were studied by Kundal and Dharashivkar (2006) and
Kundal and Mude (2008); in the Dwarka-Okha area, Kundal and Dharashivkar
(2006) recognized a rich and diversified ichnofossil assemblage consisting of
seventeen ichnospecies, some of them discovered for the first time in the studied
area. The stratigraphic distribution of ichnotaxa is presented, as well as
morphological, ethological, and ichnofacies classifications. The presence of
Skolithos-Cruziana mixed ichnofacies is interpreted as indicating a littoral to shallow
sublittoral sandy shore environment, with very high energy conditions (Kundal and
Dharashivkar, 2006). At the Porbandar area, Kundal and Mude (2008) differentiated
eight ichnospecies, six of them occurring in the Dwarka Formation (Miocene); four
ichnospecies were interpreted as fodinichnia and two as domichnia. These
ichnospecies belong to Skolithos and Cruziana ichnofacies, indicating that the
Dwarka Formation was deposited in shallow water marine conditions (Kundal and
Mude, 2008). Recently, Mude (2012a, b) highlighted the palaeoenvironmental
significance of ichnofossils from Miocene successions of different formations of the
Cambay Basin. From the Babaguru Formation (early Miocene), the author presents
four ichnofossils; the predominance of vertical structures is associated with
deposition in a nearshore/foreshore marine environment having moderate to high
energy conditions, and low diversity is interpreted as a paucity of nutrients (Mude,
2012a). At the Kand Formation (late Miocene), five ichnospecies were documented,
including domichnia and fodinichnia behaviors, with a dominance of horizontal
traces (Mude, 2012b). The trace fossils are associated with soft grounds, in a shallow
water marine environment, with moderate to low energy conditions, and nutrient
availability (Mude, 2012).



1.5 OBJECTIVES

Ichnology has become an important tool for deciphering depositional history
and correlation. The objectives of the present study are, therefore, to study the
ichnofossils from the Upper Bhuban rocks of the Aizawl area with the view to:

1. Demarcate lithic units and build stratigraphic sequence.

2. Systematically study the ichnofossils.

3. Attempt correlation of the Bhuban succession of the study area with the
Miocene succession of other areas.

4. Work out the depositional environment and palaeoecology.

1.6 METHODOLOGY

The methodology employed in the present work has been broadly divided
into two parts to achieve the objectives of the study. The first part deals with the field
observations, data and sample collection, and preparation of the detailed lithologs
while the second part deals with the laboratory works including the study of trace

fossils, identification, and classification, and preparation of schematic diagrams.

1.6.1 Field Study

The extensive field work has been carried out along three sections of the
Upper Bhuban Formation of the Surma Group of Aizawl district viz. Kulikawn — S.
Hlimen, Temple — Mizoram University and Ramrikawn - Sakawrtuichhun sections.
The Survey of India toposheet no. 84 A/9 and 84 A/10 on the 1:50000 scale were
used for this study. Field data were collected in terms of lithological variations,
physical characteristics of the lithologies, and sedimentary structures during field
investigations, which enable to construction of systematic litho-logs along the three
studied sections. Diverse assemblages of trace fossils and associated body fossils
were collected along with field photographs of those trace fossils which could not be
collected were taken. The position of occurrence of trace fossils was marked in the
litho-logs in the field itself to show their distribution in the exposed thickness of the

successions.



1.6.2 Laboratory Study

The trace fossils collected from the field were then cleaned in the laboratory.
Lithologs of the studied sections were prepared and the distribution of trace fossils
was marked in litho-column. Identification and systematical description of both the
collected and photographed trace fossils were carried out with the help of available
published work. The distribution of studied trace fossils in the Miocene succession of
India was worked out. Ichnofacies and ethological grouping of the described trace
fossils were accomplished. The depositional environment of the studied rock
successions of the Bhuban Formation of the Surma Group was worked out based on
such ichnofacies and ethological groupings. Finally, the correlation of the studied
sections with the Miocene successions from other parts of India where ichnological
studies have been performed by other workers has been attempted.
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2. GEOLOGICAL SETTING
2.1 GENERAL GEOLOGY OF MIZORAM

The Cenozoic rocks are well-developed in the northeastern part of India. They
constitute one of the largest sedimentary basins, covering about 70% area of the
northeast and have nearly 13km. thick sedimentary succession, which is known as the
Surma basin. Geologically, Mizoram is a part of this Neogene Surma Basin comprising
a belt of a series of elongated folds having sub-meridional trend and arcuate shape with
westward convexity. It covers an area of about 21,081 sq. km. between latitudes 22°00’
and 24°30°N and longitudes 92°15° and 93°25’E. The Fold belt is elongated in the N-
S direction almost parallel to the suture zone of the Arakan-Yoma subduction. The
Tertiary sedimentary succession of Mizoram has been grouped into the Barail
(Oligocene), the Surma (Lower to Middle Miocene), and the Tipam Groups (Upper
Miocene to early Pliocene) in the ascending order. The Lower-Middle Miocene rocks
of Mizoram are represented by the Surma Group of rocks which has been subdivided
into Bhuban and Bokabil Formations. Bhuban Formation is the best and thickest
developed lithostratigraphic unit in Mizoram attaining a thickness of about 5000m.
This Formation is further subdivided into Lower, Middle, and Upper Bhuban units.
The entire sedimentary column of the formation is a repetitive succession of
arenaceous and argillaceous rocks. The main lithologies exposed are sandstone,
siltstone, shale, and mudstone and their admixtures in various proportions and a few
pockets of shell limestone, calcareous sandstone, and intraformational conglomerate
(Tiwari and Kachhara, 2003). The stratigraphic succession with the lithological
characteristics of each unit worked out by Karunakaran (1974) and Ganju (1975) is

given in Table 2.1.



Figure 1: Geological map of Mizoram (after Ganju, 1975).
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