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ABSTRACT

The northeastern region of India (22º – 28º N; 90º – 96º E) represents one of 

the thickest sedimentary basins on the globe. The basin preserves nearly 13 km thick 

Mesozoic and Cenozoic sedimentation with the latter covering about 70% of it in the 

northeastern India. The basin occupies special significance in Indian Geology in 

terms of its tectonic evolution. Study of evolution of this basin primarily requires 

establishment of high-resolution stratigraphy and correlation of the exposed se-

quences within the basin. The sediments of the basin are characterized by two dis-

tinct facies; the shelf and the basinal, the sediments representing the basinal facies 

are developed in the Naga Hills, parts of North Cachar Hills, Manipur, Surma Valley 

of South Cachar, Tripura and Mizoram. These basinal sediments lack in the reliable 

criteria for stratigraphic correlation, such as age-diagnostic fauna and marker hori-

zons.

In Mizoram the entire sedimentary column is a repetitive succession of 

arenaceous and argillaceous rocks comprising sandstone, silty-sandstone, siltstone, 

shale, shaly-sandtones, silty-shale, mudstone and their admixtures in varying propor-

tions along with random pockets of shell-limestone and intraformational conglomer-

atic bands. Sequentially, this succession is grouped in to the Barail (Oligocene), 

Surma (Miocene-Lower Pliocene) and Tipam Groups (Middle-Upper Pliocene). 

Geologically, Surma Group covers a major portion of the state and is classified in to 

a lower, Bhuban Formation and an upper, Boka Bil Formation. Bhuban Formation is 

further subdivided into Lower, Middle and Upper Bhuban units solely based on the 

lithological characteristics i.e. ratio of argillaceous and arenaceous components. 

However, this criteria is often difficult to apply in the field for identification and cor-

relation of isolated sections owing to poor lithological controls. Biostratigraphic 

studies have also not yielded tangible results as ideal age-markers such as fo-

raminifers and nanno-fossils are yet to be studied in detail. It was felt necessary 

therefore to study magneto stratigraphy of Bhuban Formation- a thickest strati-

graphic unit of Surma Group- and integrate it with the litho- and biostratigraphy for 

delineating age-constrained magnetozones, correlation of isolated section, and for 
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understanding the sedimentation pattern and basin evolutionary history. In order to 

achieve this the following objectives were set for the present study: 

Þ Nature of magnetization and magnetic polarity preserved in the area 

and its suitability to detailed chrono-stratigraphic approach.

Þ Integration of magnetic with litho- and biostratigraphic data in the area.

Þ Finding out rates of sedimentation and its possible relation to the evolu-

tion of Surma basin during Late Miocene.   

Three well-exposed and stratigraphically controlled sections in the vicinity 

of Aizawl- a capital city of Mizoram state were selected to accomplish this study. 

These are Bawngkawn-Durtlang (BD) section, Tuirial section and Sairang section. 

These fall in between Tlawng and Tuirial rivers in Mizoram and cover an area of ~ 

350 km2. 

The thesis is organized into Seven chapters. Chapter 1 deals with the gen-

eral introduction including rational of the study, physiography and climate, flora and 

fauna, review of literature, scope of the present work, aims and objectives and broad 

methodology. 

Regional geological set-up and geological framework of eastern Himalaya 

and Indo-Burmese Range along with the study area has been discussed in detail in 

Chapter 2. The regional geological setup of the study area is formed by the 2500 

long, 300 km wide east-west Himalaya and the 1500 km long 230 km  wide north-

south belt of the Indo-Burman ranges formed as India collided with Eurasia and the 

Burmese platelet.

Basic concepts of geomagnetism and palaeomagnetism (including processes 

of magnetization, Geocentric Axial Diopole (GAD), Virtual Geomanetic Pole 

(VGP),  methods and laboratory techniques of rock magnetism, sampling, cleaning, 

graphical and statistical presentation, Geomagnetic Polarity Time Scale (GPTS) and 

Sediment Accumulation rate (SAR) for the contents of Chapters 3. The study of 

fossil magnetism in rocks is termed as paleomagnetism and is a means of investigat-

ing the history of the geomagnetic field over geological time. Palaeomagnetism has 
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led to a new type of stratigraphy based on the periodic reversal of polarity of the 

geomagnetic field, which is known as Magnetostratigraphy or Magnetic Polarity 

Stratigraphy. Thus this chapter elaborates on the techniques and laboratory study for 

rock magnetic and magnetostratigraphic investigations. 

Chapter 4 deals with the lithostratigraphy of the studied sections. Rock 

succession exposed along these sections have been logged along with field observa-

tions viz., grain size, color, upper/lower contact relations, fossil contents, sedimen-

tary structures. These observations along with the fining and coarsening upward cy-

cles have led to the delineation of sedimentological units in the studied sections. BD 

section exposes Middle Bhuban rocks, is 565 m thick and contains 11 sedimen-

tological units, Tuirial section is 1335 m and contains 47 sedimentological units 

whereas Sairang section is 460 m and contains 19 sedimentological units. Tuirial and 

Sairang sections are constituted of Upper Bhuban rocks.  

The Chapter 5 presents results, discussion and inferences on rock magnet-

ism, magnetostratigraphy and sediment accumulation rate of the studied sections and 

their regional stratigraphic correlation. 

The uniform nature of IRM spectra have shown a relatively monomineralic 

nature of the rocks having magnetite in the range of Pseudo-Single Domain (PSD) to 

Stable Single Domain (SSD), especially the siltstone, silty-clay, mudstones and pure 

mudstones predominantly indicate the presence of SSD magnetite. This is also con-

firmed with significant acquisition of ARM in all these samples indicating notable 

presence of SSD grains suitable for magnetostratigraphic studies. 

A total of 7 normal and 7 reverse magneto-zones are obtained for Bawng-

kawn – Durtlang section, 7 normal and 6 reverse magneto- Tuirial section and 4 nor-

mal and 4 reverse magneto-zones for Sairang section. The GPTS correlated ages for 

the BD section falls between ~21.7 Ma (at the base) to ~15.1 Ma (at the top), for 

Tuirial section falls between (~ 12 Ma) to C4r.1n (~ 8.2 Ma) and for Sairang section 

it is between (~ 9.8 Ma) to C4r.2r (~ 8.4 Ma). 
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The average sediment accumulation rate for BD section (see Fig. 5.8) is ~ 

8.48 cm/Ka. Overall the SAR is higher at the lower part of the section with a spike 

of 17.9 cm/ka at <21 Ma. There is a drop in SAR (2.1 cm/ka) around 18 Ma that 

gradually reaches to 12.5 cm/ka at around 17 Ma. The interval of drop in SAR to 2.1 

cm/ka at 18 Ma possibly suggest a hiatus that needs to be attested with basin wide 

study on more sections. Overall the SAR is lower in the lower part of the Tuirial sec-

tion with a spike of 22.6 cm/ka at <11.5 Ma. The interval of rise in SAR to 39.2 cm/

ka at around 9.5 Ma suggest a possible hiatus. The SAR almost becomes double at 

around ~9 Ma at ~1050 m where a facies change is observed from the turbidite like 

sequence to massive sand bodies suggesting a major change in depositional environ-

ments from shallow marine to pro-delta conditions. The Sairang section SAR ac-

counts the variation in the rate of sedimentation from 18 to 42 cm/ka. Abrupt in-

crease in SAR to 42 cm/ka at around ~9.4 Ma suggests facies change from the inter-

tidal dominant sequence to massive sand bodies suggesting a major change in depo-

sitional environments from shallow marine to pro-delta facies as has also been seen 

in the Tuirial section. Thus BD section is the oldest, and 460 m thick Sairang section 

can be correlated with the top 460 m thick part of the Tuirial section. There exist a 

correlative gap of ~3 Myr is present between the top of Middle Bhuban unit of BD 

section and the base of the Upper Bhuban unit of Tuirial section. However, it is em-

phasized that this is not the evidence for an unconformity because the two units are 

not exposed in a single continuous section in the study area. 

The sampling for Tuirial section covers the basal part of the Upper Bhuban 

unit, while the Bawngkawn – Durtlang section is sampled around the top of the Mid-

dle Bhuban unit. Therefore the regional correlation suggests that the age of the Mid-

dle to Upper Bhuban transition falls around 13.5±0.5 Ma . 

Chapter 6 deals with the integration of litho-, bio- and magnetostratigra-

phy, section wise depositional environment and desimentation history. In BD section 

the base corresponds with the base of foraminiferal zone N5 and nanno zone NN2 

whereas top corresponds with the foraminiferal zone N8 and also with the bottom of 

the NN5. Thus this section may be assigned to Early Miocene - lower part of Middle 

Miocene. The basal part of the Tuirial section correspond with the top of foraminif-
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eral zone N12 and with the bottom of  NN7 whereas top of the section corresponds 

with the more than half of the N16 and with the level top of the NN10. Thus Tuirial 

section may be assigned Middle Miocene to middle part of Late Miocene age. The 

base of the Sairang section corresponds with the lower part of N16 and with middle 

part of NN9 and top corresponds with the top of the Tuirial section. Thus Tuiral and 

studied part of Sairang section have corresponding age. 

Bawngkawn - Durtlang measured section shows tidal to subtidal transitions 

within confined continental shelf under the influence of base level change. Tuirial 

and Sairang sections show overall coarsening up progradational trend. Several trans-

gressive, regressive and transgressive-regressive cycles have been delineated in all 

the three sections and these correspond well with the eustatic sea level curve of Haq 

et al. (1988).

Chapter 7 contains Summary and Conclusions of the present study. The 

results obtained in the present study from three sections of Bawnkawn-Durtlang, 

Tuirial and Sairang  are not sufficient enough to infer the depositional history of 

whole Surma basin.  Nevertheless from the magnetostratigraphic and sedimentation 

results in these sections we predict that the basin subsidence or the tectonic uplift-

ment was occurring during the Late Miocene period during the evolution of the 

Surma basin thus resulting into thick pile of sedimentation record in this basin.
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Chapter 1

INTRODUCTION

1.1 RATIONALE OF THE STUDY

The northeastern region of India (22º – 28º N; 90º – 96º E) represents one of 

the thickest sedimentary basins on the globe. The basin preserves nearly 13 km thick 

Mesozoic and Cenozoic sedimentation with the latter covering about 70% of it in the 

northeastern India. The basin occupies special significance in Indian Geology in 

terms of its tectonic evolution, and is also well known for its oil and natural gas re-

sources all over the world. Study of evolution of this basin primarily requires estab-

lishment of high-resolution stratigraphy and correlation of the exposed sequences 

within the basin. The sediments of the basin are characterized by two distinct facies; 

the shelf and the basinal, which are more conspicuous in the Palaeogene succession 

than in the Neogene. The rocks of the shelf facies are exposed in the Garo Hills, 

Khasi-Jaintia Hills, parts of North Cachar and Mikir Hills and also in the subsurface 

below the alluvium of Upper Assam. The sediments representing the basinal facies 

are developed in the Naga Hills, parts of North Cachar Hills, Manipur, Surma Valley 

of South Cachar, Tripura and Mizoram. The shelf deposits are characterized by suffi-

cient faunal control and distinctive rock types. These have yielded foraminifers and 

other micro-fossils which are excellent time markers and are helpful in resolving 

stratigraphic problems. Hence, regional stratigraphy of shelf facies rocks has been 

fairly well established. Basinal sediments, on the other hand, lack in the reliable cri-

teria for stratigraphic correlation, such as age-diagnostic fauna and marker horizons. 

Moreover, they show limited variety of rock types and widespread lateral litho-facies 

variations. Hence, the regional stratigraphy of these sediments is yet to be estab-

lished. 

Magnetic stratigraphy, being independent of such limitations, can provide a 

robust tool of stratigraphic correlation. Moreover, magnetostratigraphy has been suc-

cessfully used throughout the globe in varied depositional environment for strati-

graphic correlation (Opdyke and Channel, 1996; Harsland et al., 1990). Magnetic 
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polarity is independent of lithogenic constraints such as lateral lithofacies variations, 

permitting a good correlation amongst the Cenozoic successions of the Himalayan 

foreland belt. For over last two decades magnetostratigraphy has provided time con-

strains to the long sequence of sedimentation throughout the Himalayan foreland ba-

sin from Pakistan, India to Nepal (Tauxe and Opdyke, 1982; Raynold and Johnson, 

1985; Appel et al., 1991; Burbank et al., 1996; Sangode  et al., 1996 and 1999, Bro-

zovik and Burbank, 2000; Kotliya et al., 2002). In India however the magnetostrati-

graphic attempts are discrete and widespread in different sub- basins of the foreland. 

Kangra is the only sub-basin in India with relatively larger number of longer sections 

studied (Sangode et al., 2003). Relative abundance of the suitable iron oxides that 

can ideally preserve in the in situ records (depositional/crystallization remanence) of 

the contemporary earth’s magnetic field permits successful reconstruction of mag-

netic polarity events of the late Cenozoic sediments in the Himalayan Foreland Basin 

(HFB) (Burbank et al., 1996; Tandon, 1991; Sangode et al., 1999). This is more so 

for the sequences having high rate of sedimentation without major hiatuses as this 

allows the preservation of uninterrupted magneto-zone records. Therefore magnetic 

polarity stratigraphy permits a robust tool for correlation of the Late Cenozoic se-

quences in the HFB (Sangode, 2000).

Inspite of being one of the thickest basins on the globe, the chrono-

stratigraphic aspects in the Surma basin are not well constrained due to various limi-

tations in biostratigraphy and lithostratigraphy (Tiwari et al., 2007). A better strati-

graphy can resolve several issues regarding the evolution of the Surma basin. Mag-

netostratigraphy being one of the most successful methods, well exercised in the ad-

joining Himalayan foreland, the present attempt is to explore its application and 

scope in the study area.

1.2 STUDY AREA

Mizoram is an eastern hill state of India situated at the borders of the Tri-

pura State and Bangladesh in its west and the international boundary of Myanmar in 

east and south. To its north is the state of Assam and Manipur to its northeast. It cov-

ers a geographical area of about 21,081 square kilometers and exposes huge thick-

ness of Tertiary sequences of the order of ~ 8000 m. This succession has been 



3

grouped into the Barail, the Surma and the Tipam Groups.  Geologically it is consid-

ered as the southern extension of Surma basin. In spite of huge thickness and good 

exposures, it has not yet been fully explored geologically rendering a vast scope for 

further researches in various aspects of earth sciences. 

The State lies between 21o56’N to 24o31’N latitudes and 92o16’E to 

93o26’E longitudes. It has maximum aerial dimensions of 285 km from north to 

south, and 115 km from east to west (Pachuau, 1994). Till 1972, it formed the south-

ern mountain district of the Assam state and it was accorded the status of the Union 

Territory with capital at Aizawl in the year 1972. It became a full-fledged state in 

1986. The tropic of cancer passes through the state, dividing it almost into two equal 

parts. Mizoram is connected with Assam through National Highway - 54. This high-

way having a total length of 572 km, passes through Aizawl- the state  capital and 

connects Silchar in Assam with Tuipang village in the southern corner of Mizoram.  

It is also connected by air with Kolkota, Guwahati and Imphal.

The study area is around Aizawl and is covered by the Survey of India To-

pographic sheet Nos. 84 A/9, 84 A/10 and 84 A/14 and lies within the coordinates of 

latitudes N 23o 43’ to N 23o 47’ and longitudes E 92o 40’ to E 92o 48’. The location 

map of the study area is shown in figure 1.1.

1.3 PHYSIOGRAPHY AND CLIMATE

The hilly terrain of Mizoram is highly undulated and rugged consisting of 

alternating ridges and valleys that approximately trend N-S to NNE-SSW with a ten-

dency to taper at both the ends. The terrain exhibits first order topography. The aver-

age elevation of the state is about 900 meters above Mean Sea Level. The elevation 

ranges from 40 meters at Bairabi (Mizoram-Assam border) to 2157 meters at 

Phawngpui (Blue Mountain) along the Myanmar border. Thus the general elevation 

increases from west to east. The hill ranges mainly comprise relatively compact and 

resistant older rock units exposed in the anticlinal crest whereas the valleys are com-

posed of younger and softer formations exposed in the synclinal troughs (Ganguly, 

1975). Hills are generally characterized by steep slope, mostly anticlinal, trending 

approximately N – S, and are separated by synclinal narrow river valleys flowing 

either towards north or south forming deep gorges.  These anticlines and synclines 
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are intersected by transverse faults. The difference in elevation between valley floors 

and hilltops varies greatly from west to east ranging from 200 m to 600 m 

(Karunakaran, 1974).

The terrain is young and immature due to recent tectonism. It shows promi-

nent relief and topographic features with steep slopes. The major geomorphic fea-

tures are mostly erosional landforms comprising of structural and topographic 

‘highs’ and ‘depressions’, ‘flats’ and ‘slopes’ that are arranged in linear fashion. 

Fig: 1.1: Location and geological map of the study area 

The area exhibits angular, sub-parallel, parallel and dendritic drainage pat-

terns. Lower order streams run both parallel and across topographic ‘highs’ and 

‘depressions’. Dhaleswari (Tlawng), Sonai (Tuirial) and Tuivawl are the major rivers 

that flow northerly. These rivers originate in the central part of the state and drain 

water into the Barak Valley of Assam indicating general slope direction towards the 
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north.  The important southerly flowing rivers are Koladyne (Chhimtuipui) and Kar-

nafuli. The former is the biggest river in the state, originates from Myanmar and 

flows southerly through a distance of about 500 km in Mizoram and enters Myanmar 

again. Karnafuli River originates at the southern tip of Mizoram, flows northerly up 

to the central part of the state, then takes turn towards west and enters into Bangla-

desh. 

Mizoram experiences a moderate climate owing to its location in the tropi-

cal region. It has a humid climate characterized by short winters and long summers 

with heavy rainfall. The temperature varies from 11°C to 23°C during winter, 21°C 

to 35°C during summer and 18°C to 25°C during autumn season. The state is under 

the direct influence of southwest monsoon and experiences heavy rainfall. The onset 

of monsoon is in the month of May, lasting till late September. Mizoram has an an-

nual average rainfall of 250 cm. The northwestern part of the state receives the high-

est rainfall averaging to 350 cm annually. The highest ever-recorded rainfall in 

Mizoram has been 602.60 cm during the month of July, 1983. Maximum rainfall 

generally takes place in the months of July and August while December and January 

are normally rain-free and form the driest months of the year (Pachuau, 1994).

1.4 FLORA AND FAUNA

The state is endowed with a very rich and diversified floral and faunal spe-

cies because of the mingling of eastern floral and faunal species besides the North 

Indian ones. The entire state abounds in sub-tropical trees, plants, bushes, grasses 

and a variety of bamboos. Fern and allies, soft stemmed herbaceous plants, orchids 

and other epiphytes make a long list of plants endemic to this area and form a unique 

assemblage of non-tree floral species.

The forests in Mizoram houses a large variety of wild animals like tiger, 

leopard, sambhar, deer, bear, wild pig, mithun, mountain goat, flying squirrel, mon-

key, snakes and other reptiles. 

1.5 REVIEW OF LITERATURE

The earliest comprehensive accounts pertaining to the regional stratigraphic 

framework of the Surma basin inclusive of the Bengal basin is made by Evans, 
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(1932). The tectonic scenario has later been described by Evans (1964), Sengupta 

(1966) and Raju (1968) contributing to the fundamental understanding of the basin 

generation and sediment-fill history. Bakhtine (1966) outlined the tectonic elements 

within the Bangladesh part of the basin for the first time. Subsequently, Alam (1972) 

described the geological evolution of the basin in terms of the then popular geosyn-

clinal model. Desikacher (1974) reviewed the geological history of eastern India in 

the light of plate tectonic theory. This was followed by the work on plate tectonic 

scenario for evolution of the basin within the broader context of the Southeast Asia 

region (Curray and Moore, 1974; Graham et al., 1975; Paul and Lian, 1975 and Cur-

ray et al., 1982).

Considerable subsurface data have been generated during the last two dec-

ades due to activities related to the hydrocarbon exploration (e.g. Salt et al., 1986; 

Murphy and Staff BOGMC, 1988; Lindsay et al., 1991; Reimann, 1993; Lohmann, 

1995; Shamsuddin and Abdullah, 1997; Uddin and Lundberg, 1999), and refined our 

current understanding of the Bengal Basin configuration. In addition, Alam (1989, 

1997) discussed the overall stratigraphic and tectonic history of the basin. Johnson 

and Alam (1991) described the sedimentation and tectonics of the Sylhet Trough in 

the northeastern part of the basin. Alam (1995a) demonstrated the tide-dominated 

shallow marine sedimentation in the Miocene rocks in the southeastern Bengal Ba-

sin. Describing the deep-water clastics from the south-eastern part of the basin, re-

cently Gani and Alam (1999) have partly refined the conventional thinking regarding 

the sedimentation and tectonics of the basin, particularly the Chittagong–Tripura 

Fold Belt (CTFB) region. 

Most workers agree that the region records the accretion of several plates 

and platelets of Gondwana affinity (Falvey, 1974; Varga, 1997). It is believed that 

India rifted from the combined Antarctica–Australia part of Gondwanaland and be-

gan its spectacular journey, initially northwestward and then northward, sometime in 

the Early Cretaceous (Curray and Moore, 1974; Curray et al., 1982; Hutchison, 

1989; Lee and Lawver, 1995; Acharyya, 1998; and others). Thick sediment cover in 

the Bengal Basin conceals the basement configuration and makes the reconstruction 

or exact location of plate boundaries and sutures more difficult. Plate movement pat-

terns and evolution of the Bengal Basin and the Bay of Bengal are carried out mostly 
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with data and interpretation from the Indian Ocean, following early work by 

McKenzie and Sclater (1971), Sclater and Fisher (1974) and others. One of the prob-

lems of plate reconstruction for the Indian Subcontinent is determining the eastern 

limit of Indian continental crust. Most of the earlier plate reconstruction scenarios 

(Curray and Moore, 1974; Graham et al., 1975; Curray et al., 1982) considered the 

eastern limit of the Indian continental crust to be approximately along the Hinge 

Zone, which lies above the Calcutta–Mymensingh Gravity High, with the oceanic 

part of the Indian Plate subducting beneath the Indo-Burman Ranges west of the 

Burma Block (the ‘Mt. Victoria Land Block’ of Mitchell, 1989; the Indo-Burma-

Andaman or IBA Block of Acharyya, 1994, 1998; or the West Burma Block of 

Hutchison, 1989). They all considered the Burma Block to be of continental origin 

from Gondwana. Murphy and Staff BOGMC (1988) and BOGMC (1997) showed  

the area between the Hinge Zone and Barisal–Chandpur Gravity High to be attenu-

ated or thinned continental crust, so that the continent–ocean crust boundary lies 

along the Barisal–Chandpur Gravity High (Fig. 2.5 a and b). Acharyya (1998) places 

the present subduction zone on the western side of the Chittagong Hill Tracts (i.e. 

the CTFB), in the middle of the Bengal Foredeep or the deep basin. Mukhopadhyay 

and Dasgupta (1988) however stated that this is certainly the deformation front of 

the subduction zone, although the underlying crust and lithosphere do not descend 

rapidly until much farther east. Ophiolite on the eastern side of Mt. Victoria is ex-

plained by Hutchison (1989) and Mitchell (1989) as a suture formed during eastward 

subduction; by Mitchell (1993) as a suture formed by westward subduction; and by 

Acharyya (1998), not as a suture, but instead as a flat-lying klippen rooted in the 

IBA (Indo-Burma-Andaman)-SIBUMASU (Siam, Burma, Malaysia and Sumatra) 

suture lying farther to the east beneath the central Burma Basin. 

The area under study belongs to Bhuban sediments of Surma Group 

(Neogene age). No detailed magnetostratigraphic or palaeomagnetic work is avail-

able for these sedimentary sequences. However, reasonably good amount of work 

has been carried out on these aspects in the equivalent sequences of the Himalayan 

region. Unquestionably, the best studied area in the Himalayan region is the conti-

nental Neogene vertebrate bearing Siwalik sediments of India and Pakistan. These 

studies began in the mid-1970 and have continued till present [Opdyke et al., 1982, 
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Johnson et al., 1983; Tandon et al., 1984; Ranga Rao et al., 1988; Ranga Rao, 1993; 

Opdyke and Channell, 1996; Sangode et al., 1999, 2001, 2003 and Sangode and 

Bloemendal, 2004]. The region is wonderfully suited for magnetic stratigraphy be-

cause of well-exposed long sections of highly fossiliferous sediments that became 

magnetized early in their history. In this region it is possible to begin with the Brun-

hes Normal age sediments (0.5 Ma onwards) and systematically work back in time to 

the onset of sedimentation in the basin (Keller et al., 1977; Opdyke et al., 1979 and 

1982, Johnson et al., 1982 and 1985 and Tauxe and Opdyke 1982 ). In many re-

spects, the area served as a laboratory for the application of magnetic stratigraphy to 

(1) Vertebrate evolution and migration (Flynn et al., 1984). (2) Sedimentary proc-

esses (Raynolds and Johnson, 1985; Berhensmeyer and Tauxe, 1982), (3) Tectonics 

(Burbank and Raynolds, 1988), and (4) Basin development (Cerveny et al., 1988). 

Almost all these applications of magnetic stratigraphy to terrestrial sediments were 

anticipated by Johnson et al. (1975). In the Siwaliks, the magnetic stratigraphy is 

now well known from multiple sections that vertebrate paleontologists usually corre-

late new fossil finds directly to a nearby magnetic stratigraphy and hence to the  

Global Polarity Time Scale (GPTS).

The existing stratigraphic scheme of the Bengal Basin was originally estab-

lished on the basis of the exposures along the fold belt in the eastern part of the basin 

and their purely lithostratigraphic correlation with the type sections in Assam, north-

eastern India, described by Evans (1932). The stratigraphic age assignments given 

by Evans for the Assam sequences are by no means reliable because they were based 

on long distance correlations of brackish marine macrofauna and vertebrate finds. 

While some parts of Evan’s scheme may be usable in the regional lithostratigraphic 

or seismic correlation (e.g. the boundary between the Surma and Tipam Groups), 

other parts of his classification (e.g. the contact between the Bhuban and Bokabil 

Formations or the internal units of these formations) are difficult to apply to the 

lithostratigraphic succession throughout the basin. Therefore, over the years several 

workers have attempted to refine this scheme on the basis of palynological studies 

(e.g. Chowdhury, 1982; Uddin and Ahmed, 1989; Reimann, 1993);  micropaleon-

tological studies (Ahmed, 1968; Ismail, 1978); and seismo-stratigraphic studies 

(Lietz and Kabir, 1982; Salt et al., 1986; Lindsay et al., 1991). Following Ev-
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ans’ (1932) stratigraphic scheme, the Surma Group has traditionally been divided by 

workers in Bangladesh into two units—a lower Bhuban and an upper Bokabil For-

mations (e.g. Holtrop and Keizer, 1970; Hiller and Elahi, 1988; Khan et al., 1988; 

and others) throughout the Bengal Basin. However, Johnson and Alam (1991) con-

sider the group as a single stratigraphic unit because they observed no significant 

lithologic and petrologic differences between these formations. Khan  (1991) also 

considers the group as a single unit based on the lithological similarity and lateral 

facies variations within the group. Allam et al. (2003) suggest that on the basis of the 

presence of a prominent seismic marker within the Surma Group (Hiller and Elahi, 

1988), the group may informally be divided into a lower and an upper unit. They fur-

ther indicate that the divisions of the Surma Group in the Sylhet Trough are inde-

pendent of the Bhuban and Bokabil divisions of the group in the Assam Basin. Simi-

larly, Lee et al. (2001) divided the Surma Group into two formations on the basis of 

a seismic marker defined as maximum flooding surface. The problem of facies varia-

tions within the Surma Group has been noted by Banerji (1984), who observed that 

rocks of the group from different outcrops and subsurface sections show variable 

conditions of deposition ranging from open marine to interdeltaic types. It appears 

from earlier works (Banerji, 1984; Khan et al., 1988; Reimann, 1993) that facies 

variations associated with alternating cycles of marine transgressions were of vari-

able extent and affected by localized regressive phases; and therefore subdivision of 

the group over a wider area based on sand/shale ratio alone is probably prone to mis-

correlation (Alderson, 1991). The top of the group constitutes a predominantly shaly 

unit, designated as the ‘Upper Marine Shale’ (Holtrop and Keizer, 1970), which 

represents a 230 m thick pelitic sequence marking the last marine incursion, and is 

probably the sole seismic marker horizon throughout the Sylhet Trough. 

Thickness of the Surma Group varies from 2700 m to over 3900 m in vari-

ous wells in Bangladesh (Allam et al., 2003), which is in good concurrence with the 

thickness of 2800–3250 m in the Naga Hills to the east (Rao, 1983). Johnson and 

Alam (1991) have interpreted the lower Surma Group (i.e. Bhuban Formation) as 

prodelta and delta-front deposits of a mud-rich delta system similar to the modern 

Bengal delta. The sediments of the upper Surma Group (i.e. Boka Bil Formation) 

represent deposits of subaerial to brackish environments, based on mudrocks and 
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pollen types (Holtrop and Keizer, 1970). Alderson (1991) noted marine influence 

within the Boka Bil Formation in eastern Sylhet Trough. On the basis of detailed fa-

cies analysis of core samples and wireline log interpretation, Alam (1995b) envis-

aged a micro-tidal coastal setting with extensive development of intertidal and sub-

tidal environments within a proto-Surma delta embayment, for the Surma Group 

sediments in the Sylhet Trough. Similarly, on the basis of comprehensive logging of 

the core samples from the Sylhet Trough, Sultana and Alam (2001) have interpreted 

the sediment of the group as deposits of environments ranging from shallow marine 

to tide-dominated coastal settings within a cyclic transgressive–regressive regime.

The Surma Group is overlain unconformably by the Middle Pliocene Tipam 

Group, consisting of the Tipam Sandstone and Girujan Clay Formations. The Tipam 

Sandstone comprises coarse-grained, cross-bedded sand and pebbly sand, with com-

mon carbonized wood fragments and coal interbeds; and interpreted as deposits of 

bed-load dominated braided-fluvial systems (Johnson and Alam, 1991). The Girujan 

Clay, composed mainly of mottled clay, accumulated in subaerial conditions as 

lacustrine and fluvial overbank deposits (Reimann, 1993). Sedimentological aspects 

of Cenozoic succession of varied depositional environment from Himalayan region 

are fairly well studied (e.g. Raiverman and Raman, 1971; Samanta et al., 1993). 

Such studies in the Tripura – Mizoram accretionary belt are however meager. 

Holtrop and Keizer (1969) made an attempt to classify and sub-divide the Surma 

sediments occurring below the Bangladesh Alluvial Plain by sand/shale ratio. Sinha 

and Sastry (1972) analysed the heavy minerals from the exposed Surma rocks of Ca-

char and Tripura Hills with a view to classify and sub-divide them. Detailed study on 

these aspects is however required for evolving any meaningful scheme of classifica-

tion of Surma rocks. More recently, Uddin and Lundberg (1998) carried out detailed 

heavy mineral study of Surma sediments from the Bengal basin and concluded that 

Surma sediments had an orogenic source both from the Eastern Himalayan region 

and Indo-Burman ranges. As such detailed sedimentological study of Bhuban se-

quence of Tripura-Mizoram accretionary belt is highly desirable.

In spite of the above-mentioned limitations palaeontological and biostrati-

graphic studies in the Surma sediments of Mizoram have been carried out in detail 
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by several workers [La Touche (1891), Chatterjee (1972), Sinha (1973), Dasgupta 

(1982), Sinha et al. (1982), Patil (1990, 1991), Hait and Banerjee (1994), Tiwari 

(1992 and 2001), Mandaokar (2000), Tiwari and Satsangi (1988), Tiwari and Kach-

hara (2000, 2003), Tiwari and Mehrotra (2000, 2002), Tiwari and Bannikov (2001), 

Tiwari et al. (1997, 1998), Mehrotra et al. (2001, 2003), Jauhri et al. (2004), Lokho 

and Raju (2007), Lalmuankimi et al. (2010) and Ralte et al. (2009, 2011)]. Recently, 

Tiwari et al. (2007) studied a 565 m thick rock succession of Middle Bhuban Forma-

tion (Surma Group) exposed between Bawngkawn and Durtlang, Aizawl, Mizoram 

producing age constrains at sub formation level.  They delineated 7 normal and 7 

reverse magneto-zones in this section. The GPTS correlated ages of this section lie 

between ~21.77 Ma (at the base) to ~15.16 Ma (at the top) with a total duration of ~ 

6.6 Ma. The average sediment accumulation rate (SAR) estimated for this section is 

8.48 cm/Ka.  Further Malsawma et al. (2010) studied another 1355 m thick section 

of Bhuban in Mizoram constrained between ~12.5 Ma to ~8 Ma. 
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1.6 SCOPE OF PRESENT WORK 

Regardless of good exposure of Tertiary succession in Mizoram, detailed 

geological investigations are still scanty and are not sufficient for reconstructing the 

geological history of the area. Thus, there is a need for more comprehensive geologi-

cal studies to fill up the gaps. For instance, the criterion used for classifying the Bhu-

ban Formation into lower sub-divisions i. e. ratio of arenaceous and argillaceous 

components, at times cannot be applied in the field due to large scale lateral litho-

facies variations. Lithostratigraphy, therefore may sometimes become misleading in 

identifying and correlating the succession locally  as well as regionally. In such 

situations, magnetostratigraphy integrated with bio- and lithostratigraphic studies 

may act as problem solving tool.  Realizing this, Tiwari (1992) and Tiwari and 

Kachhara (2003) adopted the palaeontological approach for identification and corre-

lations (local and regional) of isolated sections of Surma succession of Mizoram that 

needs magneto and lithostratigraphic controls. Tiwari (1992) and Tiwari and Kach-

hara (2003) established five biozones in the Barail and Surma successions of 

Mizoram. Similarly, Mazumder (2004) also carried out biostratigraphic studies in 

and around Kolasib area, Mizoram and proposed two biozones along with two sub-

zones and two zonules within the Bhuban Formation. The present work also focuses 

on the above theme with a view to update and supplement the existing palaeon-

tological database of the Bhuban Formation of Mizoram. Such an integrated magne-

tostratigraphic data base will provide better interpretation in terms of age, correlation 

and depositional environment of the Surma succession of Mizoram.  

1.7 AIMS AND OBJECTIVES

Aimed at developing a robust chronostratigraphic database for the Surma 

basin sediments, the present work was planned to address the following issues in the 

part of the the Mizoram fold belt.

a. Nature of magnetization and magnetic polarity preserved in the 

area and its suitability to detailed chrono-stratigraphic approach.

b. Integration of magnetic with litho- and biostratigraphic data in the 

area.
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c. Finding out rates of sedimentation and its possible relation to the 

evolution of Surma basin during Late Miocene.   

With this aim the thesis defines the following objectives:

i. Detailed Magnetostratigraphic Analysis on two well exposed long 

sections in the Aizawl area of the Mizoram belt.

ii. Integration of the magnetostratigraphic results with biostratigraphic 

information and by creation of detailed lithology along with the 

analysis. 

iii. Suggestion of chronologically constrained model of evolution from 

the studied part of the Surma basin after successful completion of 

the above two objectives.

1.8 METHODOLOGY

The present study is systematically carried out under following research 

methodology

1.8.1 Literature Survey

Collection, survey and critical reading of the relevant literature on sedimen-

tology, palaeomagnetism, stratigraphy, magnetostratigraphy, regional geology and 

geology of the area pertaining to the research problem. This was achieved through 

visiting the libraries of the Wadia Institute of Himalayan Geology, Dehradun and 

Department of Geology, Mizoram University and University of Pune. Additionally, 

literature has also been downloaded from the internet. Preparing notes on critical as-

pects and discussion with experts was also made during the literature survey. 

1.8.2 Fieldwork

Geological map of Mizoram prepared by Ganju (1975) and Nandy et al.

(1983) has been used as a base map for field work in the study area. Extensive field 

work was carried out along several road and nallah sections, and quarry sites. All the 

necessary field information was noted over the toposheets of the area in order to 

compile the geological map, study the sedimentologic variations and correlate them. 

Detailed lithocolumns were prepared by measuring each and every bed in the se-
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lected section using tape and compass. This was followed by the systematic sam-

pling in the representative sections for magnetostratigraphy.

1.8.3 Laboratory work 

Since the magnetic methods principally deal with directions, the samples 

are to be oriented to its natural positions with the compass north. Thus the oriented 

block samples using standard palaeomagnetic methods (Collinson, 1983) were col-

lected for magnetostratigraphic and the representative rock magnetic study. The sam-

ples were then re-aligned in the laboratory to their field positions and drilled to get 

2.5 cm (dia) x 2.2 cm height cylindrical specimens. Since the study involves both the 

natural and laboratory induced remanence to reveal the ancient magnetic field direc-

tions and intensities, and the magnetic mineralogy; the experiments were made sepa-

rately for both these approaches. Initially the magnetic mineralogy is established 

based on the Isothermal Remanent Magnetization (IRM) and Anhysteretic Rema-

nence Magnetization (ARM) experiments using an Impulse Magnetizer and ARM 

attachment to Alternating Field Demagnetizer (AFD). Magnetic susceptibility was 

measured using the dual frequency magnetic susceptibility meter (MS-2 of Barting-

ton) to find the volume and mass specific susceptibilities and their frequency-

dependence. 

The magnetostratigraphic analysis was divided into several phases starting 

with a pilot study on representative samples, followed by collection of more samples 

in first phase. This enabled to decide the demagnetization strategy to reveal the reli-

able directions. During phase II and phase III detailed sampling was done in all the 

sections to build the local polarity pattern. Final phase of sampling was conducted to 

fill the larger gaps and to check some of the crucial boundaries of the magneto-

zones. The details on principles and the magnetostratigraphic methods applied are 

given in Chapter 3, the demagnetization strategy, results and interpretation are elabo-

rated in Chapter 5 in this thesis.
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Plate 1.1:  Panoramic view of study sections (a) Bawngkawn-Durtlang (b) Tuirial 
and (c) Sairang.

a

b

c
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Chapter 2

GEOLOGICAL FRAMEWORK AND 

TECTONIC SETTINGS

2.1 REGIONAL GEOLOGICAL SETUP

Understanding the tectonic setting of a region is a necessary pre-requisite to 

understand the paleogeographic and sedimentation patterns of that region. Further 

better understanding of these aspects in a sedimentary terrain is essentially depend-

ent upon understanding the stratigraphy with chronologic controls. The regional geo-

logical setup of the study area is formed by the 2500 long, 300 km wide east-west 

Himalaya and the 1500 km long 230 km  wide north-south belt of the Indo-Burman 

ranges formed as India collided with Eurasia and the Burmese platelet (See fig. 2.1). 

The Himalayan belt is made up of four longitudinal lithotectonic units, juxtaposed 

along generally north-dipping thrust faults (Fig. 2.2). The lithologic and tectonic 

characteristics of these belts remain constant over long distances along strike 

(Gansser, 1964). From south to north, these units are (1) the Sub-Himalaya, repre-

senting the Miocene to Pleistocene molasse deposits of the Siwaliks, separated from 

the Indo-Gangetic Plain by the Himalayan/Main Frontal thrust; (2) the Lower, or 

Lesser, Himalaya, which represent southward-directed thrusts and nappes composed 

of Precambrian and Paleozoic sedimentary rocks, crystalline rocks, and granites; (3) 

the Higher Himalaya, located north of the Main Central thrust, composed of schists, 

gneisses, and granites, and located across the Indus-Tsangpo suture; and (4) the 

Tethys Himalaya and Trans- Himalaya, representing fossiliferous Cambrian to Eo-

cene sedimentary rocks (shallow-water deposits, such as limestone, calcareous sand-

stone, and dolomite), batholiths, and volcanic rocks. The suture between India and 

Asia is marked by ophiolitic rocks, and is located south of the Trans- Himalaya and 

locally adjacent to the Precambrian Central Gneiss of the Higher Himalayas (Jain 

and Kanwar, 1970). 

The Indo-Burman ranges are made up mainly of Cretaceous to Eocene pe-

lagic strata overlain by thick Eocene to Oligocene turbidites and upper Miocene to 
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Fig. 2.1: Index map of Bangladesh and adjoining areas in the eastern part of the In-
dian subcontinent. This map shows location of the exploratory wells, lines of geo-
logical cross-sections shown in figures and also the major tectonic features surround-
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Pleistocene molasses (Ni et al., 1989).  Several authors (e.g., Fitch, 1970; Ni et al., 

1989; Mitchell, 1993) have suggested that the Indo-Burman ranges are trench depos-

its containing ophiolite melanges scraped off the subducting Indian plate. East-west 

crustal compression is still active in the Indo-Burman ranges, as evidenced by north-

trending folds of Pliocene–Pleistocene strata (Le Dain et al., 1984). Studies of focal 

mechanisms suggest that the basement of the Indian plate below the Indo-Burman 

ranges is moving north with respect to the rest of Asia (Ni et al., 1989; Chen and 

Molnar, 1990), producing right-lateral slip along the Sagaing and other faults located 

east of these ranges (Fig. 2.3; Le Dain et al., 1984). The collisional history of the  

Himalayan mountain chain, developed along a region once occupied by the west-

northwest–south-southeast Tethys ocean, is recorded in sediments deposited in sub-

siding foreland basins to the south (Burbank et al., 1996), including the Bengal basin 

of Bangladesh (Fig. 2.4). This   basin is predominantly a huge delta complex, cover-

ing about 144 000 km2 onshore and 63 000 km2 offshore, and contains as much as 16 

km of synorogenic Cenozoic sequences derived from the eastern Himalayas and the 

Indo-Burman ranges (Uddin and Lundberg,  1998). 

The timing of initial collision of the Indian plate with Eurasia has been de-

bated (Cochran, 1990; Butler, 1998). Suggestions range from the Cretaceous-

Tertiary boundary, on the basis of paleomagnetic work (Klootwijk et al., 1992), to 

various times in the Eocene (Rowley, 1996). An early Eocene collision between Asia 

and sedimentary rocks of the leading edge of India (a soft collision) at about the time 

of magnetic anomaly 22 at 53 Ma is suggested on the basis of a 50 per cent decrease 

in spreading rates in the central Indian Ocean (Sclater and Fisher, 1974). A middle 

Eocene date is based on the similarity of mammalian fossils between India and Mon-

golia (Sahni and Kumar, 1974), and on paleomagnetic data and plate motions 

(Dewey et al., 1988). A late Eocene collision has been proposed on the basis of ra-

diometric dating of plutonic rocks of the Trans-(Tethys) Himalaya, inferred to repre-

sent the end of subduction of oceanic crust at the leading edge of India (Honeggar et 

al., 1982; Petterson and Windley, 1985). Beck et al. (1995) suggested, on strati-

graphic grounds, that initial collision occurred between 66 and 55.5 Ma and there is 

firm evidence of collision by 49 Ma (early–middle Eocene time). This is considera-

bly earlier than the middle Miocene age, originally postulated by Gansser (1964), for 
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Fig. 2.2: Regional map showing the present day Ganges delta and Bengal shelf with 
the major rivers supplying sediment to the delta from the largest mountain range in 
the world (after Alam et al., 2003).
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Fig. 2.3: Regional tectonic map of Bangladesh, with the position of the Bengal basin, 
Chittagong–Tripura Fold Belt (CTFB) and the Indo-Burmese ranges (IBR) high-
lighted. The modern Ganges delta occupies a large proportion of the basin. SF—
Sagaing fault, KF— Kabaw fault, MBT—Main boundary thrust, DF—Dauki fault. 
(Modified after Curray et al., 1982; Maung, 1987; Ni et al., 1989.)



21

initial uplift of the Himalaya. The collision between India and Eurasia did not take 

place simultaneously along the entire Himalayan belt (Dewey et al., 1989). From 45 

Ma to the present, India has rotated 33° counter clockwise, the motion relative to 

Asia having changed from predominantly northeast to more northerly, accompanied 

by a 50 per cent reduction in velocity. Most geological information constraining the 

timing of collision has been produced from the western portion of the system. The 

stratigraphic record of the collision has been studied in some detail in the western 

Himalaya, beginning with the classic study of Krynine (1937); relatively few hard 

data on collisional timing have been reported from the eastern Himalayan foreland 

basin. 

Distal eastern equivalents of the Siwalik sequences have been studied in the 

Bengal fan and in seismic surveys (Curray, 1991) on drilling legs (Ingersoll and Suc-

zek, 1979; Cochran, 1990; Amano and Taira, 1992). Drilling has recovered strata as 

old as about 18 Ma, and detrital geochronology and isotopic studies of these strata 

indicate that orogenesis had begun prior to this time (e.g., Copeland and Harrison, 

1990; France-Lanord et al., 1993, 1994). The Bengal basin, the land pathway that 

links the Himalaya to the Bengal fan, is a modern collisional foreland basin that con-

tains both pretectonic and syntectonic stratigraphic sequences. Because of its loca-

tion between the eastern Himalaya and the Indo-Burman ranges, Bengal basin se-

quences contain detrital sediments that yield information potentially relating to the 

uplift and unroofing history of both orogens. However, few detailed provenance 

studies have been carried out on the sediments of the Bengal basin. 

2.2. THE BENGAL BASIN

Oblique collision of the Indian and Burmese plates during the Eocene–

Oligocene (Curray et al., 1982) resulted in obduction of the accretionary prism, 

forming the Indo-Burmese ranges (IBR). With continued subduction of the Indian 

plate, sediments within the Bengal basin have been compressed and uplifted to form 

the Chittagong–Tripura Fold Belt (CTFB), west of the Indo-Burmese ranges (Fig. 

2.5). Sediments into the Bengal basin are considered to have been supplied initially 

from two sources, an easterly source (the palaeo-Brahmaputra river), as well as a 

more westerly source (the palaeo-Ganges river; Banerji, 1984; Uddin and Lundberg, 

1999).
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Fig. 2.4: Generalized tectonic map of the Bengal Basin and surrounding areas 
(modified after Uddin and Lundberg, 1998). Hinge zone separates the shallow Indian 
platform to the northwest from the deeper Bengal foredeep to the southeast. (CTFB 
= Chittagong–Tripura Fold Belt).

The Bengal basin has two broad divisions: (1) the “Indian platform” (also 

known as the “stable shelf” area) to the northwest and west, and (2) the area known 

as the “Bengal foredeep,” a region of much thicker sediment accumulation (Fig. 2.5). 

The Bengal foredeep includes the Sylhet trough (also known as the Surma basin) in 

the northeastern Bengal basin and the Chittagong Hill Tracts in eastern Bangladesh, 

which contain some of the best studied sequences of the Bengal basin. The present 
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sediment fill of the Bengal basin is asymmetric, the greatest thicknesses being near 

its northern and eastern margins. Seismic-reflection studies (Curray, 1991) show that 

sedimentary and meta-sedimentary rocks beneath the Bangladesh continental shelf 

are at least 22 km thick; 16 km are inferred to be collisional deposits that overlie 6 

km of pre-collisional strata interpreted as buried continental rise and pelagic depos-

its. 

2.3 GEOLOGICAL ELEMENTS AND TECTONIC FRAME-

WORK OF NE HIMALAYA AND INDO-BURMESE 

RANGE (IBR)

2.3.1 The Himalayan belt

The Himalayan Range which comprises in age from Proterozoic to Holo-

cene have been subdivided into three NE-SW trending zones coinciding with three 

geomorphic divisions viz, the Higher and Tethys Himalays, the lesser Himalaya and 

sub- Himalaya, by two major tectonic planes, the Main Central Thrust (MCT) and 

the Main Boundary Fault (MBF). 

2.3.2 Shillong Plateau

The Shillong Plateau (SP) in the northeast India region is a part of the In-

dian shield that is separated out from the peninsular shield and moved to the east by 

about 300 km along the Dauki fault. The gigantic E-W trending Dauki fault sepa-

rates the SP to the north and the Bengal basin to the south. The mighty Brahmaputra 

river, on the other hand, separates the SP from the Himalaya to the north. The E–W 

segment of the river at the northern boundary of the SP is named Brahmaputra fault 

(Nandy, 2001). The Mikir massif, a part of the Shillong massif, moved to the north-

east; the nearly 300–400 km long NW–SE trending Kopili lineament separates them 

(Nandy, 2001). The long Kopili lineament is named Kopili fault, and it extends into 

the Himalaya (Kayal 2001, Bhattacharya et al., 2002).

The northeast India region is one of the most seismically active zones in the 

world; the region is jawed between the two arcs, the Himalayan arc to the north and 

the Indo- Burmese arc to the east (Kayal et al., 2006). The region bounded by lati-

tude 22–290N and longitude 90–980E, produced two great earthquakes (M > 8.0) and 
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about 20 large earthquakes (8.0 > M > 7.0) since 1897. The Shillong plateau was the 

source area for the 1897 great earthquake M 8.7, and the Assam syntaxis was the 

zone for the 1950 great earthquake M 8.7. Several large earthquakes occurred along 

the Indo-Burma ranges in the recent and historic times. Oldham (1899) postulated 

that a north-dipping thrust fault at the southern boundary of the SP had been the pos-

sible source for the 1897 great earthquake. Seeber and Armbruster (1981) supported 

this model. Kayal and De (1991) studied temporary analog microearthquake network 

data in the SP region and inferred that the north dipping Dapsi thrust is seismically 

active and possibly produced the 1897 great earthquake. They identified that the 

seismically active Dapsi thrust is a western extension of the Dauki fault; the Dapsi 

thrust separates the Archaean gneiss and the Tertiary sediments within the SP region. 

The Dapsi thrust not only truncates the seismic activity to its south, it also truncated 

the highest intensity isoseismal of the 1897 great earthquake (Kayal and De, 1991). 

Bilham and England (2001), based on geodetic and GPS data, proposed a ‘pop-up’ 

tectonic model of the SP, and argued that the 1897 great earthquake was produced 

by a south dipping hidden fault at the northern boundary of the SP; they named it  

the ‘Oldham fault’ that extends from a depth of about 9 km down to 45 km. They 

further suggested that the SP earthquakes are caused by the ‘pop-up’ tectonics be-

tween the Dauki fault and the Oldham fault. Evans (1964) and Nandy (2001), on the 

other hand, argued that the Dauki fault is a near vertical or a south dipping strike-

slip/ normal fault, not a north dipping thrust fault. Recently Rajendran et al. (2004), 

based on geological and geophysical data, also argued that geologically no surface 

evidence of the Oldham fault exists; the south dipping structure is, however, con-

formable with the E–W segment of the Brahmaputra fault (river) at the northern 

boundary of the SP. The surface projection of the Oldham fault and the surface trace 

of the Brahmaputra fault are, very close within 20 km at the 1897 great earthquake 

epicentre zone (Kayal et al., 2006).

2.3.3 Mikir Hills

The exposure limit of the Indian Peninsular Shield rocks towards east is 

marked by the Garo-Rajmahal gap. Rocks comprising the Shillong Plateau and Mikir 

Hills represent the re-emergence of shield elements on the east of the gap. The high-

land generated by these shield rocks occupies a crucial position between the Hima-
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laya and the Indo-Burmese Range. The plateau is dominated by high grade Archean 

Gneissic Complex, overlain by Proterozoic intracratonic sediments of Shillong 

Group with metavolcanic Khasi Greenstone, both intruded by Upper Proterozoic-

early Palaeozoic granites. Jurassic-Cretaceous volcanisms represented by the Sylhet 

Trap occur along the southern margin of the plateau and intimately associated with 

the E-W Dauki fault system. Cretaceous-Eocene stable shelf sediments cover the 

southern and eastern periphery of the plateau and southern fringe of the Mikir Hills 

which towards east, are juxtaposed with sediments of the trench facies of Indo-

Myanmar mobile belt. Almost uninterrupted intra-continental sedimentation contin-

ued along the southern margin of the plateau till Quaternary period. The occurrences 

of Upper Cretaceous carbonatite-ultramafic complex along a NE fracture zone in the 

east central part of the plateau and in Mikir Hills is noteworthy. N-S to NW-SW 

trending active faults/fractures predominate in this domain.

2.3.4 Mishmi Hills

The area lying to the east of the orographic bend in the eastern most part of 

the Himalaya bordering China exposes a thick sequence of meta-sediments and asso-

ciated granite gneiss, granodiorite, and granites with mafic and ultramafic intrusive 

which are collectively referred to as the Lohit Complex. It has a regional NW-SE 

trend, abutting against the Himalaya along the Tidding Suture in south east and in 

south, against the NE – SW trending Naga Patkoi ranges along Mishmi Thrust. 

There is a difference of opinion about the northern continuation of Mishmi Thrust. 

According to Gopendra Kumar (1997) the Mishmi Thrust takes a swing to west and 

does not extend north westwards. G.S.I. map, on the other hand, shows it as a con-

tinuously extending north-westward which has been found by Gopendra Kumar as 

Roing fault/thrust.

2.3.5 Tidding Suture

It is NW-SE trending tectonic lineament considered to mark the plate 

boundary between the Indian and Central Burmese plates. The tectonic plate dips 

steeply towards east. It has been continuously traced from Dhapa Bum in the south-
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ern part of the Lohit Valley to beyond south of Tuting in Siang Valley in the north-

west at the south-east end.

2.3.6 Lohit Thrust

It runs parallel to the Tidding Suture demarcating the tectonic contact be-

tween the Tidding and the Mishmi Formations, systematic geological mapping of the 

area reveals that the crystallines viz. dioritic gneiss and granodiorite are intrusive 

into metamorphities viz. Hornblende schist, Kyanite-sillimanite–biotite gneiss and 

marbles which is clearly evidenced by the presence of the latter within the crystalli-

nes as bands, lenses and rafts. Nandy et al. (1975) who worked previously in this 

area considered crystallines to be older to metamorphites and also felt that these 

crystallines have overridden the parametamorphites to the southwest along a thrust, 

which they called it as Lohit Thrust.

2.3.7 Naga Patkoi Ranges

Naga-Patkoi ranges abut against Mishmi hills along Mishmi Thrust and 

form a part of late Mesozoic Neogene Arakan Basin. This segment of Arunachal 

Pradesh is considered to be the part of the pre-Cambrian shield.

2.3.8 Assam Shelf

During the Palaeogene period the present Assam Valley region was plat-

form shelf of the Indo-Myanmar mobile belt. It was transformed into intermontane 

continental basin during the Neogene time after the upliftment of the Barail range. 

However, the eastern margin of the Assam shelf assumed the character of a foredeep 

for the deposition of the Neogene molasse (Raju, 1968) along the NE linear belt west 

of the rising Indo-Myanmar mobile belt. The regional hidden basement ridge which 

runs along the present course of the Brahmaputra river from the Mikir Hills plunges 

northeast to pass through Moran and Tengakhat area. The basement surface forms a 

major high near the Tenughat-Bordubi belt whose flank are dipping northwest and 

southeast, popularly known as the ‘Brahmaputra Arch’.
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On the basis of surface and subsurface information provided by oil drilling 

and geophysical surveys, the stratigraphy of the Assam shelf and molasse basin as 

established by the oil geologists may be summarised as follows:

In the shelf area the Lower Gondwana Formation (Permian) was encoun-

tered in one well at Barpathar in Upper Assam (Naik et al., 1993). However, the Pre-

cambrian granitic basement is overlain locally by Upper Cretaceous Langpar Forma-

tion (Handique and Mallick 1990). This is followed upward by the Palaeocene-

Eocene formations of Jaintia Group consisting of the Theria Formation of sandstone, 

calcareous sandstone and limestone (60-170 m); Sylhet Limestone Formation of 

splintery shale with sandstone and limestone (350-450 m) and by the Kopili Forma-

tion comprising alternations of shale, sand and coal bands (280-500 m). The Oligo-

cene, representing shallow marine, lagoonal and fluviatile environments of unstable 

conditions, contains 500-1200 m thick sequence of mudstone, shale, sandstone and 

coal seams of the Barail Group. At the close of the Oligocene, there had been a 

marked hiatus, and then molasse type sediments of the doubtful Surmas and Tipams 

were deposited with a pronounced unconformity during the Miocene in an unstable 

basin along the eastern edge of the platform/shelf. The Tipam Group is represented 

by the lower arenaceous facies of Sandstone Formation (500-900 m) and upper argil-

laceous Girujan Clay Formation (100-2300 m), while the platform/shelf area was 

covered only by the arenaceous facies of the Tipam Group. The Tipam are overlain 

by the Pliocene Dupi Tila/Namsang and the alluvium, occurs a thick formation of 

Dihing/Dekiajuli beds of 1300-2000 m thickness of unconsolidated sand with clays 

and boulder beds of Pleistocene age.

The Palaeogene sediments show an increase in the thickness from northeast 

to southwest indicating deeper basinal condition towards southwest. The environ-

ment of deposition of these sediments changed from marine to lagoonal and then to 

deltaic and finally to fluviatile through time. The Neogene to Recent sediments are 

mostly molassic in nature and were deposited extensively in fluviatile environment 

with pulses of the brackish to deltaic conditions. The thickness of these Neogene 

sediments show shift in depocentre towards north and northeast in the Tirap district 

of Arunachal Pradesh during Plio-Pleistocene time.  
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2.3.9 Central Myanmar Basin

With onshore length of about 1100 km, the Central Myanmar basin extends 

from the Gulf of Martaban towards NNW to N, and then to NNE to as far as the Hu-

kuang basin in north Myanmar. In south Chindwin-Shwebo basin, it attains its larg-

est E-W extension of about 200 km. To the extreme south and south east of the basin 

can be continuously traced for about 3000 km in the Andaman sea, and as far as the 

south Sumatra Tertiary basin (Bender, 1983). In the Myanmar area it is bounded in 

the west by the Indo Myanmar mobile belt, in the east by the Sino-Myanmar ranges 

and in the north by the Mishmi block. The basin contains sediment from Cretaceous 

to Recent, the older rock being well developed along the western margin.

Tectonically the basin can be divided into the western ‘Forearc Trough’ and 

the eastern faulted ‘Backarc Basin’ which are separated by the arcuate ‘Magmatic 

Arc’ that extend from the Jade Mines in north Myanmar to Narcondam-Barren is-

lands in Andaman sea through Monywa, Mt. Popa and Irrawaddy Delta. This intra-

basinal arc continues to the continental margin arc in North Sumatra.

2.3.10 Surma Basin

The Neogene Surma basin is bounded by the post-Barail unconformity, sub-

sequently faulted (Kaladan fault) to the east; the E-W Dauki fault and NE-SW 

Disang thrust to the north and northeast; the NE-SW Sylhet fault (Nandy et al,. 

1993), also term as the ‘Hail – Hakula’ (Ganguly, 1993) lineament and Barisal-

Chandpur high concealed below the alluvium of Bangladesh (Sengupta, 1966) to the 

west and north west. To the south the basin is extended upto the Arakan coastal area 

of Myanmar. Within this vast terrain the Surma Group and the younger sediments 

occur as westerly convex N-S fold belt for a strike length of about 550 km, having a 

maximum width of 200 km. The Surma basin covers lower Assam, Tripura, 

Mizoram, western part of Manipur, Sylhet and Chittagong districts of Bangladesh 

and Arakan coastal zone of Myanmar. To the east of this basin lies the intricately 

folded, faulted and thrust Palaeogene outer arc complex of the Indo-Myanmar mo-

bile belt, where as to the west occurs the alluvium covered, gently dipping, homocli-

nal Tertiary sedimentary succession of Bangladesh (Bengal Basin). This assumed a 
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‘bell shaped’ form having constant southerly and south-westerly palaeoslope, and 

was connected to the open sea to the south.

2.3.11 Brahmaputra Plain

During the Himalayan Orogeny and simultaneous with the developments of  

sub-Himalaya and Arakan Yoma mountains in early middle Pleistocen, a depression 

was formed in between the rising mountains. This valley or basin, referred as Brah-

maputra valley, was filled up by fluvial lacustrine sediments during the later part of 

the Quaternary period and evolved as a plain – The Brahmaputra plain. They are 

made up of post-Siwalik Quaternary sediments and the basements of pre-Cambrian 

rock or the floor of Palaeogene – Neogene sediments.

2.4 STRATIGRAPHIC FRAMEWORK

The earliest stratigraphic account in the study area appears in Evans (1932) 

who established a lithostratigraphic classification for the Tertiary strata exposed in 

the Lower Assam Basin (Table 2.1). Since then in various published and unpub-

lished reports, without any detailed regional correlation, this early stratigraphy has 

served as the basis for stratigraphic correlation of the sediments within the entire 

Bengal  Basin. Later, studies based on micropaleontology (e.g. Banerji, 1984), paly-

nology (e.g. Baksi, 1972; Reimann, 1993), and seismic stratigraphy (e.g. Salt et al., 

1986; Lindsay et al., 1991) have partly refined this early scheme. The oldest sedi-

mentary sequence exposed along the Indo–Burman collision zone is the Late Creta-

ceous–Eocene sediments known as the Disang Group (Rao, 1983), which occurs in a 

linear belt within the Naga–Chin–Arakan Hills (Fig. 2.3). The lithological associa-

tion, faunal content, and other evidences from the Lower Disang sediments suggest 

that these were deposited in deep water (trench and/or floor) setting and also on the 

slope as turbidites (Roy, 1983). On the other hand, the Upper Disang sediments, 

thought to be equivalent to the Sylhet Limestone Formation of the stable shelf, were 

deposited in shallow water conditions in an actively subsiding basin (Rao, 1983). 

The Sylhet Limestone is overlain by a thin (40–90 m thick) argillaceous unit, the 

Upper Eocene Kopili Shale Formation, in which the lithological and fossil contents 
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indicate paralic (brackish-marshy) depositional environments (Uddin and Ahmed, 

1989; Reimann, 1993).

2.4.1 Barail

The Barail Group (Table 2.1), consisting mainly of pale-gray, fine to very 

fine-grained, carbonaceous sandstone, with minor siltstone and silty-shale, is thought 

to have been deposited during a major regression that exposed most of the Indian 

platform part of the Bengal Basin. Lithologically similar and palynofacies equivalent 

rocks of Oligocene age (Reimann, 1993) are exposed along the northern fringe of the 

Sylhet Trough immediately south of the Dauki Fault (Alam, 1991; Johnson and 

Alam, 1991). These rocks have been interpreted as deposits of mainly tide domi-

nated shelf environments (Alam, 1991). The Barail rock in general comprise domi-

nantly pale-gray, very fine to fine grained carbonaceous sandstone with minor silt-

stone and silty shale interbeds.  

Fig 2.5: North– south and east– west crustal cross sections through the Bengal Basin 
(modified after Murphy and Staff of BOGMC, 1988; BOGMC, 1997).
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The geosynclinal facies of Barail Group are subdivided into Laisong, Jenam 

and Renji Formations. In Assam, Barail Group are exposed along two different 

strips, in the south-eastern part of North Cachar Hills, i.e. to the South of Haflong-

Disang. In Meghalaya the Barail Group are mainly exposed in the Garo Hills and 

consists of about 1000 m thick sandstone with minor shale and carbonaceous shale/

coal sequence. In Nagaland thin sequence of sediments of Barail Group resting un-

conformably on a pre-Tertiary granitic basement exposed mainly in Dhansiri valley. 

In Assam Shelf part of Nagaland Barail sediments are thrusted over by tectonic 

slices of Schuppen Belt. In Manipur, Barail Groups are restricted to the western and 

southwestern parts. In Arunachal Pradesh, Barail Group is usually succeeded by the 

Tipam Group with an apparent erosional unconformity in the Schuppen-belt. It is 

well developed in Namchik-Namphuk, Makum, Dilli-Jeypore and Borjan coal-fields.

Table 2.1: Stratigraphic succession of the Sylhet Trough in the northeastern part of 

the Bengal basin  (revised from Hiller and Elahi, 1988)

2.4.2 Surma Group

Overlying the Barail Group is the Surma Group rocks, which are widely 

exposed in the surface and also encountered in all the wells in eastern Bangladesh. 

The lower to middle Miocene Surma Group, comprising the Bhuban and Bokabil 

Formations, has been deposited during repeated transgressions and regressions. The 

group consists of dark gray shale, siltstone, fine to coarse-grained sandstone, and 
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occasional intraformational conglomerate, and attainss a thickness of more than 4 

km in the Mizoram area. In the Evan’s (1932) lithostratigraphic scheme, the basis for 

subdivision of the Bhuban and Bokabil Formations is the relative proportion of the 

argillaceous or arenaceous beds. Thus, the Middle Bokabil Member represents a 

sandy unit within the dominantly argillaceous Bokabil Formation, whereas the Mid-

dle Bhuban Member is more argillaceous division of the dominantly arenaceous 

Bhuban Formation. These descriptions of the broad subdivisions of the Bhuban and 

Bokabil Formations are difficult to correlate with the lithology of the Surma Group 

penetrated in the subsurface as well as exposed succession of the EFB, where most 

part of the Bhuban Formation is dominantly argillaceous. The upper part of the Bo-

kabil Formation is pelitic, and is traditionally known as the ‘Upper Marine 

Shale’ (Holtrop and Keizer, 1970), which  represents the last marine transgression 

over the Sylhet Trough in northeastern part of the Bengal Basin (Table 2.1).

2.4.3 Tipam Group

The Surma Group is unconformably overlain by the upper Mio–Pliocene 

Tipam Group,  which is divided into the Tipam Sandstone and Girujan Clay Forma-

tions. The Tipam Sandstone typically consists of yellowish brown to reddish brown, 

coarse-grained, cross-bedded to ripple-laminated sandstone with minor siltstone and 

mudstone and interpreted as deposits of bed load-dominated low-sinuosity braided-

fluvial systems (Johnson and Alam, 1991; Alam and Ferdous, 1995). The Girujan 

Clay, composed of brown, blue and gray mottled clay, is interpreted as lacustrine 

and fluvial overbank deposits (Reimann, 1993). The Plio–Pleistocene Dupi Tila 

Sandstone, unconformably overlying the Tipam Group, comprises a sandy lower unit 

and an argillaceous upper unit (Hiller and Elahi, 1988). The fining-upward se-

quences characteristic of the Dupi Tila Sandstone, with alternating channel-fill and 

floodplain deposits, has been interpreted as deposits of high-sinuosity meandering 

river systems (Johnson and Alam, 1991). The younger Pleistocene deposits, that oc-

cur locally as relatively thin unit unconformably overly the Dupi Tila Sandstone. 

2.4.4 Assam Shelf and Arunachal Pradesh

The pre-Tertiary stratigraphy of the Bengal basin is known only from the 

northwest part of the basin. An ~1 km thick Permo–Carboniferous Gondwana bitu-
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minous coal, inferred to have formed in intracratonic, fault-bounded basins, overlies 

Precambrian basement, and is overlain by about 500 m of the Cretaceous basaltic   

Rajmahal–Sylhet Trap (equivalent to the Deccan Traps). Shallow-marine strata of 

the Paleocene to lower Eocene Cherra (or Tura) Formation consist mostly of clastic 

rocks and some carbonaceous material and impure limestones. Marine transgression 

followed deposition of this unit, leading to deposition of the widespread middle Eo-

cene nummulitic Sylhet Limestone. This limestone reaches a thickness of about 250 

m in the Bengal basin, and is interbedded with sandstone, some of which is exposed 

in the Sylhet trough. The Sylhet Limestone is overlain by the 40–90-m-thick upper 

Eocene Kopili Formation, which consists mostly of argillaceous and fossiliferous 

materials, and represents a paralic transitional stratigraphic unit between middle Eo-

cene carbonate facies and mainly arenaceous Oligocene sequences. The Oligocene 

Barail Formation was deposited during a marine regression. The 800–1600 m Barail 

Formation is composed of dominantly massive to thickly bedded sandstone inter-

preted by Banerji (1984) as estuarine and deltaic deposits. These upper Eocene and 

Oligocene strata are exposed in the Sylhet trough. The Miocene Surma Group, con-

sisting of the Bhuban and Boka Bil Formations, was deposited during repeated trans-

gressions and regressions. This unit is well developed in the eastern fold belts and 

deeper parts of the basin, and is about 4.5 km thick in the northern Chittagong Hill 

Tracts and in the Sylhet trough (Fig. 2.5). In the northwestern stable shelf area, the 

Surma Group is represented by the much thinner (150 m to 1.3 km) Jamalganj For-

mation (Khan and  Muminullah, 1980). The Bhuban Formation is composed mainly 

of sandstone, siltstone, shaly sandstone, and mudstone; the Boka Bil Formation is 

generally composed of shale, siltstone, and sandstone. A shaly upper member of the 

Boka Bil Formation was designated by Holtrop and Keizer (1970) as the “Upper 

Marine Shales,” representing the last Miocene transgression.

The Surma Group is unconformably overlain by the upper Miocene to Plio-

cene Tipam Group, consisting of the Tipam Sandstone Formation and Girujan Clay 

Formation. The Tipam Sandstone Formation, which is locally as thick as 2.5 km, is 

composed mostly of weathered, medium- to coarse-grained, cross bedded massive 

sandstone, and has been  interpreted to have been deposited in bedload-dominated 

braided-fluvial environments (Johnson and Alam, 1991). The Girujan Clay is locally 
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as thick as 1 km, and is composed dominantly of mottled clay deposited in lacus-

trine, flood-plain, and overbank environments (Khan and Muminullah, 1980). These 

units are overlain unconformably by the Pliocene–Pleistocene Dupi Tila Formation, 

comprising mostly massive trough–cross-bedded coarse to pebbly sandstone, which 

reaches a maximum thickness of at least 2.3 km in the Sylhet trough. The Dupi Tila 

Formation contains alternating channel and flood-plain deposits, and has been inter-

preted as a meandering-river deposit (Johnson and Alam, 1991).

2.4.5 Siang Group

It comprises medium to high grade metamorphic rocks, like garnetiferous 

graphite schist, staurolite-garnet-grahitic schist, calc-silicate rocks, staurolite-garnet-

biotite schists, biotite gneisses etc. At Angguing, the graphitic schists are character-

ized by the idiomorphs of staurolite prisms. Near Yamelling (Singa), the white mar-

ble bands are present in association with graphite schists.

2.4.6 Siyom Group

In the Siyom valley areas, the Siyom Group is represented by biotite schists, 

schistose quartzite, amphibolite, gneisses, migmatites, schistose quartzites, with 

phyllite, black slates and limestone. The same litho-assemblage has also been recog-

nized in the Subansiri region, where the gneisses, migmatites etc. are known as Ziro 

gneisses, Daporijo gneisses etc. The metavolcanics exposed at Tuting succeed the 

Siang Group with an extrusive contact, the contact being marked by a garnetiferous 

zone of about 10-15 cm in thickness. It is ascribable to the effects of thermal meta-

morphism. These metavolcanics are not traceable beyond Sirup Chu and are cut off 

by the thrust plane which is responsible for bringing Tuting granites and gneisses 

against the rocks of Siang Group.

2.4.7 Lower Gondwana Group

These rocks are characterized by the carbonaceous phyllite with coaly 

lenses, grey sandstone, black slates with calcareous nodules as observed at Ganu, 

Gensi, Tatamori, Daring and Rylu areas. Along Pasighat-Rotung road section the 

contact between Gondwana and Miri may be of transitional nature. Local shearing 
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along the contact has also been noticed. Near Pasighat, the nummulite bearing arena-

ceous limestone is exposed. Its extent and true nature of disposition is little known.

2.4.8 Yingkiong Formation

The rocks of this formation occupy a large tract of land between Yamne and 

Siang valleys. They are composed of thick succession of light grey sandstone, silt-

sone, purple and pale green shale, black shale, and volcanic sediments. Earlier this   

succession was considered to be of Pre-Cambrian age. Recent investigation indicates 

that the Yingkiong Formation is of Lower Eocene age, for it is intimately associated 

with nummulitic limestone bands. Discovery of Eocene fossils from the Yingkiong 

Formation has necessitated revision with regard to the age of the Abor Volcanics.

2.4.9 Siwaliks

The Sub-Himalayan zone is occupied by the Siwalik belt. The Siwalik is 

divided into Lower, Middle and Upper. The Lower Siwalik is composed of hard 

brownish grey sandstone with clay intercalations. The massive medium to coarse 

grained sandstone is the dominant lithology of the Middle Siwalik. The Upper Si-

walik includes silty-clays, sands, pebble, and boulder beds. The Siwalik belt is sepa-

rated from the Miri quartzite and Gondwana by a system of steep faults, commonly 

known as Main Boundary Fault.
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Chapter 3

METHODOLOGY

3.1 INTRODUCTION

Principally the study of natural magnetism is divided into three main 

branches as, i) Geomagnetism, which deals with the study of the behavior of mag-

netic field of the earth and its atmosphere, ii) Palaeomagnetism is the study of the 

past magnetic field recorded in rocks, iii) Rock magnetism is the study of rocks, 

minerals and soils with reference to composition, concentration, and granulometry of 

the magnetic minerals present in them (Collinson,1983; O’Reilly, 1984; Dunlop and 

Ozdemir, 1997).

3.2 BASIC CONCEPTS OF GEOMAGNETISM 

The Geomagnetic field is generated by convection currents in the liquid 

outer core of the Earth, which is composed of Iron, Nickel and some unknown 

lighter components. Motions of the conducting fluid, which are partially controlled 

by the spin of the Earth about its axis, act as a self sustaining dynamo and create an 

enormous magnetic field. To first order, the field is very much like one that would 

be produced by a gigantic bar magnet located at the earth’s centre and aligned with 

the spin axis. (Tauxe, 2003)

3.2.1 The Earth’s Magnetic Field 

If a magnetic compass needle is weighted so as to swing horizontally, it 

takes up a definite direction at each place and its deviation from geographical or true 

north is called the declination (or magnetic variation), D. In geomagnetic studies D 

is reckoned positive or negative depending on whether the deviation is east or west 

of true north. In palaeomagnetic studies D is always measured clockwise (eastwards) 

from the present geographic north and consequently takes on any angle between 0° 

and 360°. The direction to which the needle points is called magnetic north and the 

vertical plane through this direction is called the magnetic meridian. 
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A needle perfectly balanced about a horizontal axis (before being magnet-

ized), so placed that it can swing freely in the plane of the magnetic meridian, is 

called a dip needle. After magnetization it takes up a position inclined to the hori-

zontal by an angle called the inclination (or dip), I. The inclination is reckoned posi-

tive when the north-seeking end of the needle points downwards (as in the northern 

hemisphere) or negative when it points upwards (as in the southern hemisphere). The 

main elements of the geomagnetic field are illustrated in Fig. 3.1. The total intensity 

F, declination D and inclination I, completely define the field at any point. The hori-

zontal and vertical components of F are denoted by H and Z. Z is reckoned positive 

downwards as for I. The horizontal component can be resolved into two components, 

X (northwards) and Y (eastwards). The various components are related by the equa-

tions:

H = F cos I, Z = F sin I, tan I = Z/H;

X=H cos D, Y=H sin D,        tan D = Y/X;

F2 =H2 +Z2 = X2+ Y2+Z2

Fig. 3.1: The main elements of the geomagnetic field.

3.2.2 The Present Geomagnetic Field 

The path along which the inclination is zero is called the magnetic equator, 

and the magnetic poles (or dip poles) are the principal points where the inclination is 

vertical, i.e. ±90°. The north magnetic pole is situated where I = +90°, and the south 



38

magnetic pole where I = -90°. The strength, or intensity, of the Earth's magnetic field 

is commonly expressed in Tesla (T) in the SI system of units. The maximum value 

of the Earth's magnetic field at the surface is currently about 70 m T in the region of 

the south magnetic pole. Small variations are measured in nanotesla (1 h T = 10-9 T).

The best-fit geocentric dipole to the Earth's magnetic field is inclined at 

10.1/2° to the Earth's axis of rotation. If the axis of this geocentric dipole is ex-

tended, it intersects the Earth's surface at two points that in 1995 were situated at 

79.3°N, 71.4°W (in northwest Greenland) and 79.3°S, 108.6°E (in Antarctica). 

These points are called the geomagnetic poles (boreal and austral, or north and south 

respectively) and must be carefully distinguished from the magnetic poles (see pre-

ceding paragraph). The great circle on the Earth's surface coaxial with the dipole axis 

and midway between the geomagnetic poles is called the geomagnetic equator and is 

different from the magnetic equator (which is not in any case a circle). Figure 3.2 

distinguishes between the magnetic elements (which are those actually observed at 

each point) and the geomagnetic elements (which are those related to the best fitting 

geocentric dipole).

Fig. 3.2: Graphical presentation of the magnetic, geomagnetic, and geographic 
poles and equators. (after McElhinny and McFadden, 2000).
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3.3 BASIC CONCEPTS OF PALAEOMAGNETISM

Palaeomagnetism is the study of the magnetic properties of rocks. One of 

the principal goals of palaeomagnetism is to study ancient geomagnetic field. Pa-

laeomagnetism has led to a new type of stratigraphy based on the periodic reversal of 

polarity of the geomagnetic field, which is known as Magnetostratigraphy or Mag-

netic Polarity Stratigraphy. Magnetostratigraphy is the ordering of sedimentary or 

igneous rock strata into intervals characterized by the direction of magnetization of 

the rocks, being either in the direction of the present earth’s magnetic field (normal 

polarity) or 1800 from the present field (reverse polarity) (Opdyke and Channell, 

1996, Fig. 3.3).

Fig 3.3: Schematic representation of the geomagnetic field of a geocentric axial di-
pole (‘bar magnet’). During normal polarity of the field the average magnetic north 
pole is at the geographic north pole, and a compass aligns along magnetic field lines. 
Historically, the north pole is referred to as the pole attracting the ‘north seeking’ 
needle of a compass, but physically it is a south pole. During normal polarity, the 
inclination is positive (downward directed) in the northern hemisphere and negative 
(upward directed) in the southern hemisphere. Conversely, during reversed polarity, 
the compass needle points south, and the inclination is negative in the northern and 
positive in the southern hemisphere. In the geomagnetic polarity time scale (column 
in the middle), periods of normal polarity are conventionally represented by black 
intervals, reversed intervals by white intervals.

3.3.1 Processes of Magnetization 

Majority of the rock-forming minerals are essentially non-magnetic, all 

rocks exhibit some magnetic properties due to the presence of iron oxides in various 

forms including the minerals and impurities. The magnetization of these minerals is 
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termed as the fossil magnetism, which, if acquired at the time of the formation of 

rocks, may act as a fossil compass and used to estimate both the direction and the 

intensity of the geomagnetic field in the past. The study of fossil magnetism in rocks 

is termed paleomagnetism and is a means of investigating the history of the geomag-

netic field over geological time.

The fossil magnetism initially measured in rocks (after preparation into 

suitably sized specimens) is termed as the natural remanent magnetization or simply 

NRM. The mechanism by which the NRM was acquired depends on the mode of 

formation and subsequent history of rocks as well as the characteristics of the mag-

netic minerals. Magnetization acquired by cooling from high temperatures through 

the Curie point(s) of the magnetic mineral(s) is called thermoremanent magnetiza-

tion (TRM). If the magnetization is acquired by phase change or chemical action 

during the formation of magnetic oxides at low temperatures, it is termed crystalliza-

tion (or chemical) remanent magnetization (CRM). The alignment of detrital mag-

netic particles by the ambient magnetic field that might occur in sediment during 

deposition gives rise to detrital (or depositional) remanent magnetization (DRM) or 

even post-depositional remanent magnetization (PDRM), if the alignment takes 

place after deposition but before final compaction. 

In nature isothermal remanent magnetization (IRM) usually refers to that 

magnetization acquired by rocks from lightning strikes, although it generally refers 

to one that acquired in laboratory experiments aimed at determining the magnetic 

properties of samples. Viscous remanent magnetization (VRM) refers to the rema-

nence acquired by rocks after exposure to a weak external magnetic field for a long 

time. Examples include that acquired by a sample after collection and before meas-

urement or acquired from deep burial and uplift. Anhysteretic remanent magnetiza-

tion (ARM) is produced by gradually reducing a strong alternating magnetic field in 

the presence of a weak steady magnetic field. To avoid heating of the samples, it is 

often used in laboratory experiments as an analog of TRM. 

The component of NRM acquired when the rock was formed is termed the 

primary magnetization, this may represent all, part, or none of the total NRM. Sub-
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sequent to formation the primary magnetization may decay either partly or wholly 

and additional components may be added by several processes. These subsequent 

magnetizations are referred to as secondary magnetization. A major task in all pa-

laeomagnetic investigations is to identify and separate all the components be the pri-

mary or secondary (Table 3.1). 

Table 3.1 : Some common types of Remanent Magnetization (RM) in rocks

3.3.2 Geocentric Axial Dipole Hypothesis

The fact that the geomagnetic field can be modelled as a geocentric dipole 

is of fundamental importance in palaeomagnetic studies. On the geological time 

scale the study of the geomagnetic field requires some model for use in analyzing 

Acronym Magnetization Description 

NRM
Natural Remanent Mag-
netization

The RM acquired by a sample under natural 
conditions

TRM
Thermoremanent Mag-
netization

The RM acquired by a sample during cooling 
from a temperature above the Curie tempera-
ture in an external field (usually in a weak 
field such as that of the Earth)

CRM
Crystallization (or Chemi-
cal) Remanent Magneti-
zation

The RM acquired by a sample during a phase 
change or formation of a new magnetic min-
eral in an external field

DRM
Detrital (or Depositional) 
Remanent Magnetization

The RM acquired by sediments when grains 
settle in water in the presence of an external 
field

PDRM
Post-Depositional Rema-
nent Magnetization

The RM acquired by the magnetic alignment 
of sedimentary grains after deposition but 
before final compaction

IRM
Isothermal Remanent 
Magnetization

The RM acquired in a short time at one tem-
perature (usually room temperature) in a ex-
ternal field (usually strong)

VRM
Viscous Remanent Mag-
netization

The RM acquired over a long time in a weak 
external field

ARM
Anhysteretic Remanent 
Magnetization

The RM acquired when an alternating mag-
netic field is decreased from some large 
value to zero in the presence of a weak 
steady field
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palaeomagnetic results, so that measurements from different parts of the world can 

be compared. The model should reflect the longterm behavior of the field rather than 

its more detailed short-term behavior. The model used is termed the geocentric axial 

dipole (GAD) field and its use in palaeomagnetism is essentially an application of 

the principle of uniformitarianism. It is known from palaeomagnetic measurements 

that when averaged over a sufficient time interval the Earth's magnetic field for the 

past few million years has conformed with this model. However, there are second-

order effects that cause departures from the model of no more than about 5%. Such 

an averaged field is referred to as the time-averaged palaeomagnetic field. A basic 

problem that arises is to decide how much time is needed for the averaging process. 

In the early days of palaeomagnetism it was generally thought that times of several 

thousands of years were sufficient, but it is now thought that much longer times may 

be required, possibly on, the scale of hundreds of thousands of years (Merrill et al., 

1996).

Fig. 3.4: The field lines at the Earth’s surface for the Geocentric Axial Dipole 
(GAD) (after McElhinny and McFadden, 2000).

The GAD model is a simple one (Fig. 3.4) in which the geomagnetic and 

geographic axes coincides, as do the geomagnetic and geographic equators. For any 

point on the Earth's surface, the geomagnetic latitude l equals the geographic lati-

tude. If m is the magnetic moment of the dipole and a is the radius of the Earth, the 
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horizontal (H) and vertical (Z) components of the field at latitude l can be derived 

from the g1
0 spherical harmonic term as 

H = m 0m cos l/4 p a3 , Z = 2 m 0m sin l/4 p a3 

and the total field F is given by

F = (H2 + Z2)1/2 = m 0m/4 p a3(1+3Sin2l)1/2

Since the tangent of the magnetic inclination I is Z/H, then

tan I = 2 tan l,

and, by definition,

D = 0° .

The colatitude p (90° minus the latitude) can be obtained from

Tan I = 2cot p (0° < p < 180°) .

The relationship of tan I = 2 tan l, is central in paleomagnetism. It indi-

cates that the GAD model, when applied to results from different geological periods, 

enables the palaeomagnetic latitude to be derived simply from the mean inclination. 

The relationship between latitude and inclination is shown in Fig. 3.5.

Fig. 3.5: Variation  of inclination with latitude for a geocentric axial dipole from the 
relationship  of tan I = 2 tan l ( after Merril et al., 1996 )
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3.3.3 Estimation of Virtual Geomagnetic Pole

In order to compare palaeomagnetic results from widely separated locali-

ties, it is convenient to calculate some parameter which, on the basis of the GAD 

model, should have the same value at each observing locality. The parameter used is 

called the palaeomagnetic pole and represents the position where the time averaged 

dipole axis cuts the surface of the Earth. The position of the palaeomagnetic pole is 

referred to the present latitude-longitude grid. Thus, if the palaeomagnetic mean di-

rection (Dm, Im) is known at some sampling locality S, with latitude and longitude (l

s, f s), the co-ordinates of the palaeomagnetic pole P (l p, f p) can be calculated from 

the following equations by reference to Fig.3.6.

Fig. 3.6: Calculation of a palaeomagnetic pole from mean directions of magnetiza-
tion (Dm, Im) at sampling site S (l s, f s) generates a palaeomagnetic pole P (l p, f
p) (after McElhinny and McFadden, 2000)

Sin l p =sin l s cos p + cos l s sin p cos Dm,^ (-900 < l p < +900) 

f p = f s + b when cos p > sin l s sin l p ,

or f p = f s + 180 - b when cos p < sin l s sin l p

where sin b = sin p sin Dm /cos l p (-900 < b < 900) . 
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The palaeocolatitude p is determined from Tan I = 2cot p (0° < p < 180°). 

The palaeomagnetic pole (l p, f p) calculated in this way implies that "sufficient" 

time averaging has been carried out. Alternatively, any instantaneous paleofield di-

rection may be converted to a pole position using these equations, in which case the 

pole is termed a virtual geomagnetic pole (VGP). The VGP can be regarded as a pa-

laeomagnetic analog of the geomagnetic poles of the present field. The palaeomag-

netic pole may then be calculated by finding the average of many VGPs, correspond-

ing to many palaeodirections. 

Conversely, of course, given a palaeomagnetic pole position with co-

ordinates (l p, f p) the corresponding expected mean direction of magnetization (Dm, 

Im) may be calculated for any site location (l s, f s) (Fig. 3.6). The palaeocolatitude p 

is given by

cos p = sin l s Sin l p + cos l s cos l p cos (f p - f s ) , 

and the inclination Im may then be calculated from Tan I = 2cot p (0° < p < 180°). 

The corresponding declination Dm is given by

cos Dm = Sin l p - sin l s cos p / cos l s  Sin p ,  

where 00 < Dm < 1800 for  00 < (f p - f s) < 180°

and 1800 < Dm < 3600 for 1800 <((f p - f s)<360° .

The declination is indeterminate (so any value may be chosen) if the site 

and the pole position coincide. If l s = ±90° then Dm is defined as being equal to f p, 

the longitude of the palaeomagnetic pole.

3.3.4 Magnetic Polarity Stratigraphy

The geomagnetic polarity reversals occur in a range of duration from 104 to 

108 yr (Jacobs, 1994). Since geomagnetic polarity reversals are globally synchro-

nous, their records represent "absolute" time planes in sedimentary and lava se-

quences which can provide a robust stratigraphic correlation framework. Individual 

normal and reverse polarity intervals ("Chrons") typically range from ~10 thousand 

to 10 million years in duration. These normal and reverse polarity patterns were radi-

ometrically dated and the standard global polarity times scale (GPTS) was estab-

lished (e.g. Cox, 1973; McDougall, 1979; Cande and Kent, 1995).
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Normal and reversal intervals of the geomagnetic field are recognized by 

the positive and negative form of the VGP latitudes, respectively. Magnetostratigra-

phy uses such records preserved in sedimentary sequences and construct a strati-

graphic succession called magnetic polarity times scale (MPTS). Further, the time 

range is determined for the each normal and reversal chrons and sub-chrons of the 

MPTS by correlating with the GPTS. The advantages of the magnetostratigraphy 

over other dating techniques (e.g. radiometric methods) are:

* Each and every sedimentary units can be assigned ages, 

* Net sediment accumulation rate can be estimated, 

* Basin evolution and palaeo-depositional environment can be recon-

structed, and 

* Due to rapid, robust and cost effective nature, it can be used for any 

sequences ranging from Precambrian to Pleistocene. 

Although there are some limitations to qualify a rock for magnetostratigra-

phy, those can be checked and ascertained by several tests in palaeomagnetic and 

rock magnetic methods  (e.g., Collinson, 1983; Butler, 1992; Jacobs, 1994, Dunlop 

and Ozdemir, 1997).

3.4 BASIC PRINCIPLES MAGNETISM

The magnetization of any material is generally made up of two components: 

the remanent magnetization (or simply remanence), which is the one remaining in 

the absence of an applied field; and the induced magnetization, which is induced by 

an applied field but can disappear after removal of that field.

In nature all the materials are ‘magnetic’ sensu stricto with their inherent 

response to the external magnetic field (Collinson, 1983; Thompson and Oldfield, 

1986). A rock is a heterogeneous assemblage of minerals, which is composed more 

than 90% of silicates, and carbonates that are diamagnetic or paramagnetic in nature 

and less than 5% of iron oxides/magnetic minerals (ferrimagnetic minerals) that car-

ries remanent magnetization and controls the bulk susceptibility of the rock. Suscep-

tibility is the measure of the degree to which a substance may be magnetized and is 

denoted as  χ or K. It is defined as the ratio of intensity of magnetization (M or I) to 
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the magnetizing force H. The magnetic behavior of a solid depends on the magnetic 

moments of the atoms or ions in it. The net magnetic moment of an atom or ion 

arises from incompletely filled shells that contain unpaired spins (O’Reilly, 1984; 

Dunlop and Ozdemir, 1997). The atoms or ions in a solid are not randomly distrib-

uted but occupy fixed positions in a regular lattice, which reflects the symmetry of 

the crystalline structure and which controls interactions between the ions. Hence, the 

different types of magnetic behavior observed in solids depend not only upon the 

presence of ions with unpaired spins, but also on the lattice symmetry and cell size. 

3.4.1 Types of magnetic materials

3.4.1.1 Diamagnetism

Diamagnetism is a fundamental property of all matter. It is characteristically 

observable in materials in which all electron spins are paired. Diamagnetism arises 

from the interaction of an applied magnetic field with orbital motion of electrons and 

results in a very weak negative magnetization. The magnetization is lost as soon as 

the magnetic field is removed (Fig.3.7). Diamagnetic susceptibility is weak and 

negative. It is independent of temperature. Many important rock forming minerals 

belong to this class.

Example: Quartz (SiO2), Calcite (CaCO3), Dolomite (CaCO3,MgCO3), Water (H2O).

3.4.1.2 Paramagnetism

Paramagnetic materials are weakly magnetic with small positive suscep-

tibility. The magnetic moment of unpaired electron orbital within individual atoms 

are uncoupled so that each atom behaves independently. The resultant magnetic mo-

ment can align with a magnetic field (Fig. 3.7).  The alignment is opposed by ther-

mal energy which favours chaotic orientations of the spin magnetic moments. The 

magnetic energy is small compare to the thermal energy, and in the absence of a 

magnetic field the magnetic moments are oriented randomly. When a magnetic field 

is applied, the chaotic alignment of magnetic moments is biased towards the field 

direction. A magnetization is induced proportional to the strength of the applied field 

and parallel to its direction. Susceptibility varies inversely with temperature as given 

by the Curie-Weiss law.
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k = C/T, Where, C = constant; T = Temperature

Example: Clay minerals (e.g. Kaolinite, Montmorillonite), Mica (e.g. Biotite, Chlo-

rite), Silicates (e.g. Amphibole, Pyroxene, and Olivine).

Fig. 3.7: Classes of magnetic material with their magnetic moments in presence and 
absence of an applied field. Hollow arrow in the right-hand side of the diagrams 
show the magnetization acquires when in an applied magnetic field (solid arrow).

3.4.1.3 Ferromagnetism

Ferromagnetic material is much stronger than diamagnetic and paramag-

netic materials.  It is particularly associated with Iron, Nickel, and Cobalt and have 

positive and relatively large susceptibility and remanence. In some metals (Fe, Ni, 

Co) the atoms occupy lattice positions that are close enough to allow the exchange of 

electron between neighboring atoms. The exchange is a quantum mechanical effect 

that involves a large amount of energy called the exchange energy of the metal. The 

exchange interaction produces a very strong molecular field within the metal. This 

aligns the atomic magnetic moments exactly parallel and produces a spontaneous 

magnetization (Fig. 3.7). A rock sample may contain thousands of tiny ferromag-

netic grains. The magnetization loop of a rock sample shows the effect of magnetic 

hysteresis. At or above particular critical temperature called ‘Curie temperature’ 
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magnetic moments are randomized and thus the ferromagnetic material behaves as 

paramagnet.  

Example: The elements Fe, Ni, and Co and many of their alloys.

3.4.1.4 Ferrimagnetism

The metallic ions in antiferromagnetic material occupy the voids between 

the oxygen ions. In certain crystal structures the sites of the metal ions differ from 

each other in the coordination of the surrounding oxygen ions. The sub-lattices, tet-

rahedral sites have four oxygen ions as nearest neighbors and octahedral sites have 

six. The most common iron oxide minerals have an inverse spinel structure. Each 

sub-lattice has an equal number of ions. The same numbers of divalent ions occupy 

the octahedral sites, while the corresponding number of tetrahedral sites is empty. 

When the indirect exchange process involves antiparallel and unequal magnetiza-

tions of the sub-lattice resulting in a net spontaneous magnetization, the phenomenon 

is called ferrimagnetism (Fig.3.7). Magnetite {Fe3+[Fe2+Fe3+]O4} is prime example of 

ferrimagnetic material and other examples include Titano-magnetite (Fe3-xTixO4), 

Maghemite (g Fe2O3), Pyrrhotite (FexSx+1) and Greigite (Fe3S4).

3.4.1.5 Antiferromagnetism

In oxide crystals the oxygen ions usually keep the metal ions far apart, so 

that direct exchange of the electrons between the metal ions is not possible. In cer-

tain minerals interaction between magnetic spins becomes possible by the exchange 

of the electrons from one metal ion to the through the electron ‘cloud’ of the oxygen 

ion. This indirect exchange process results in anti-parallel directions of adjacent 

atomic magnetic moments (Fig.3.7), giving two sub-lattices with equal and opposite 

intrinsic magnetic moments. As a result the susceptibility of an antiferromagnetic 

crystal is weak and positive, and the Remanent magnetization is not possible.

Example: Ulvospinel (Fe2TiO4), Illmenite (FeTiO3), Troilite (FeS).

3.4.1.6 Canted Antiferromagnetism

Imperfect antiferromagnetic forms exhibit parasitic ferromagnetism which 

may result due to impurities or lattice defects, and by spin canting (Fig.3.7). The 

spins are not exactly anti parallel and are inclined at a small angle, do not cancel out 
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completely and thus results spontaneous as well as remanent magnetizations. An im-

portant geological example is hematite (a-Fe2O3), in which both the spin-canted and 

defect moments contribute to the ferromagnetic properties and another example is 

iron hydroxide (Goethite a-FeOOH).

3.4.2 Magnetic Hysteresis

When the external field is removed, the magnetization disappears in dia-

magnetic and paramagnetic materials. On the other hand, the ferromagnetic materials 

preserve remanent magnetization even in the absence of external magnetic field.  

When applying the strong field, the sample acquires its saturation magnetization 

(Ms) and removal of this field leaves the sample with saturation remanence (Mrs). 

Subsequent application of the magnetic field in opposite direction brings the mag-

netization to zero, but the magnetization does not fall at origin. This behavior is 

called ‘hysteresis’ and a plot of the variation of the magnetization (M) with magnetic 

field (H) is called ‘hysteresis loop’ (Fig.3.8). The field required to decrease the mag-

netization to zero is called the coercive force (Hc) and where the remanence become 

zero is called HCR. The sample can be saturated in the opposite direction when suffi-

cient reverse field is applied (Fig.3.8). These magnetic parameters Ms, Mrs and Hc are 

mainly dependent on the composition and granulometry of the magnetic minerals.

Fig. 3.8: Magnetic hysteresis loop and initial magnetization curve showing satura-
tion magnetization, saturation remanence, coercivity, remanence coercivity.
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3.4.3 Magnetic Minerals in Rocks

The minerals that are responsible for the magnetic properties of rocks are 

mainly those that lie within the ternary system FeO-Ti02-Fe203 (Fig.3.9). In the ter-

nary system of Fig.3.9, it is generally sufficient to distinguish between two types of 

magnetic mineral. There are the strongly magnetic cubic oxides magnetite (Fe304) 

and its solid solutions with ulvospinel (Fe2Ti04) that are known as titanomagnetites. 

The more weakly magnetic rhombohedral minerals are based on hematite (a Fe203) 

and its solid solutions with ilmenite (FeTi03) that are known as titanohematites. The 

members of the orthorhombic pseudobrookite series are all paramagnetic above liq-

uid oxygen temperatures and need not be considered further. Complete solid solution 

occurs only at high temperatures; at lower temperatures exsolution (unmixing of 

phases) occurs and in titanomagnetites this would result in an ulvospinel-rich phase 

and a magnetite rich phase. However, magnetite-ulvospinel intergrowths rarely oc-

cur in nature because of the presence of oxygen in the melt, which oxidizes the ti-

tanomagnetites. Thus, high-temperature oxidation, sometimes called deuteric oxida-

tion if it occurs during initial cooling, commonly occurs above the Curie point in ter-

restrial magnetic minerals. In addition, low-temperature oxidation or maghemitiza-

tion may occur at temperatures below about 200°C to produce titanomaghemites.

Table 3.2 : Summarizes the magnetic properties of some of the magnetic minerals 
that occur in rocks together with the properties of some typical ferromagnetic sub-
stances.
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Pyrrhotite  (Fe1-xS) is a common accessory magnetic mineral in rocks, al-

though it seldom dominates the remanence. In addition, greigite (Fe3S4) occurs quite 

commonly in sediments that were formed under anoxic conditions. Two important 

naturally occurring oxyhydroxides of iron are goethite (a PeOOH) and lepidocrocite 

(g FeOOH).

Fig. 3.9: Ternary diagram indicating the important iron oxide minerals, the ti-
tanomagnetitemand titanohematite solid solution series, and the titanomaghemite 
oxidation trend.

3.4.4 Domain Theory

The concept of magnetic domains was proposed by Weiss (1907) in order to 

explain the existence of spontaneous magnetization in a demagnetized state of the 

material. Ferromagnetic particles comprises of infinitesimal region of uniform mag-

netization called magnetic domains. Domains are small (1-100’s microns), but much 

larger than atomic distances. Magnetic domains are separated by zones of finite 

thickness called domain wall. Magnetic domains are otherwise called as magnetic 

grains. Size and concentration of the domains are explained by some magnetic prop-

erties such as, frequency dependent susceptibility, coercivity, and remanence. Four 
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major magnetic domains/grain sizes are recognized as described below.

3.4.4.1 Superparamagnetic (SP)

The term Superparamagnetic is referred to the ultrafine (< 0.03 mm) ferrro-

or ferrimagnetic grains by Neel (1955). Superparamagnetic behavior strongly de-

pends on temperature and is paramagnetic at room temperature. They exhibit ferro-

or ferrimagnetic properties of stable single domain grains at lower temperatures. 

Susceptibility of these SP grains is much greater (at low frequency) than SD and 

PSD grains. SP grains are more viscous in nature and have very less (< seconds) re-

laxation time (t) thus can not hold remanence (Fig. 4.4). However, SP grains play a 

leading role in environmental magnetic and soil magnetic studies as their concentra-

tion in the soils/paleosols is mainly controlled by the climate and pedogenesis. 

Fig. 3.10: Semi-log plot of relaxation time (t) of a SD magnetic grain as function of 
temperature. Relaxation times are labeled; blocking temperature (TB) is shown by 
stippled arrow; SD grain is superparamagnetic (t < ts = 100s) at T > TB = 550 C and 
stable (t > ts = 100s) for T < TB (from Butler, 1992).

3.4.4.2 Single Domain (SD)

The grain contains only one domain referred as single domain, the entire 

grain is uniformly magnetized (Fig. 3.10). The theoretical range of SD size in mag-

netite is narrow (0.03 to 0.1 m m) whereas it is larger for hematite (0.03 to 15 m m). 

The magnetization of a SD particle is very stable and has relaxation time of more 
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than 1000 Ma (Fig. 3.11). SD grains can be very efficient carriers of remanent mag-

netization and thus play an important role in paleomagnetism. 

3.4.4.3 Pseudo-single Domain (PSD)

When the grain size is larger (0.1 to 20 m m) than SD with more than one 

domain (< 2 or 3 domains) referred as Pseudo-single Domain. Grains in this size 

range contain a small number of domains and can have substantial magnetic mo-

ment. PSD grains can be important carriers of Paleomagnetism.

3.4.4.4 Multidomain (MD)

Magnetic grains larger than a few m m (> 20 m m) in diameter with more 

than two domains are called as multi-domain particle (Fig. 3.10). The domains are 

separated from on another by thin region, about 0.1 m m thick, is called as domain 

wall. MD grains are magnetically soft and it is easy to impart a remanent magnetiza-

tion. MD grains exhibit anisotropy in magnetism and thus useful to determine anisot-

ropy magnetic susceptibility (AMS) studies.

Fig. 3.11: Different types of magnetic domains.

3.5 METHODS AND LABORATORY TECHNIQUES

3.5.1 Rock Magnetic Method

Low field magnetic susceptibility (χlf) is the most fundamental room tem-

perature parameter forming the ratio of induced magnetization (I) to a weak applied 
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field (H). It allows preliminary estimate of ferrimagnetic contents in a material and is 

proportionately affected by diamagnetic (silica and carbonates) and paramagnetic 

(clays, micas and feldspar) content (O’Reilly, 1984; Thompson and Oldfield, 1986). 

For the present study magnetic susceptibility was measured in six orthogonal direc-

tions by Bartington MS2B magnetic susceptibility meter (sensitivity 2x10-6 SI). The 

χlf is considered as a first order estimate of ferrimagnetic concentration, but is an 

important decisive parameter when used as a ratio to other hysteresis parameters 

(Mullins, 1977; Maher, 1986; Singer and Fine, 1989;  Evans and Heller, 2001). Mag-

netic susceptibility varies with the composition (e.g. ferrimagnetic, antiferromag-

netic, paramagnetic, and diamagnetic), concentration and granulometry {e.g. Super-

paramagnetic (SP), single domain (SD), and Multidomain (MD)} of the magnetic 

minerals (Verosub and Robert, 1995; Han and Jiang, 1999; Oreilly, 1984). 

Frequency dependence of susceptibility (χfd) is the variation of susceptibil-

ity between two frequencies. Magnetic susceptibility measured under different fre-

quencies of applied field (0.465 kHz and 4.65 kHz) allows distinguishing and quanti-

fying certain grain sizes, taking advantage of the phenomenon of magnetic viscosity 

(Stacey and Banerjee, 1974; Oreilly, 1984). Superparamagnetic (SP) material is that 

class of ferromagnetic grain sizes which are characteristically viscous at room tem-

perature and behaves differently in higher frequencies (Maher and Taylor, 1988; 

Zhou et al., 1990; Dearing et al., 1996; Dekkers, 1997). Thus, SP particle can be es-

timated simply by changing the frequency of the applied field (See, Thompson and 

Oldfield, 1986; Dearing et al., 1996; Dekkers, 1997). where, χlf is the susceptibility 

at low frequency (0.465 kHz) of applied field and χhf is the high frequency (4.65 

kHz ) susceptibility. SP grains have higher susceptibility (20 times) than SD or MD 

grains at low frequencies (Fig. 3.10). Since the relaxation time of SP particles is 

short, SP particles behaves as SD while measuring at higher frequencies and thus the 

susceptibility is lowered (Dearing et al., 1996; Dekkers, 1997). Therefore the differ-

ences of susceptibility at low and high frequencies are directly proportionate to the 

amounts of SP particles present in the substance. Large value of this parameter (χfd 

% >5) indicate the presence of ferromagnetic grains lying at the stable single domain 

(SSD)/super paramagnetic (SP) boundary (~0.03 um) (Maher and Taylor, 1988; 

Dearing et al., 1996; Dekkers, 1997).
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3.5.2 Sampling for Magnetostratigraphy 

The typical sampling scheme for a land-based palaeomagnetic study is hier-

archical, consisting of specimens cut from independently oriented samples collected 

at different sites distributed throughout a rock unit. 

A rock unit is a sequence of beds in a sedimentary sequence, usually a 

member of a geological formation, an entire formation, or even a sequence of forma-

tions. A site is an exposure of a particular bed in a sedimentary sequence. If it is as-

sumed that a primary NRM direction can be determined from the rock unit, results 

from an individual site provide a record of the geomagnetic field direction at the 

sampling locality during the (ideally short) time interval when the primary NRM was 

formed. Multiple sites within a given rock unit are needed to provide adequate time 

sampling of the geomagnetic field fundamental to most palaeomagnetic applications. 

Samples are separately oriented pieces of rock. 

Specimens are pieces of samples prepared to appropriate dimensions for 

measurement of NRM. Multiple specimens may be prepared from an individual sam-

ple, and this procedure can provide additional checks on homogeneity of the NRM 

and experimental procedures. Often only a single specimen is pre pared from a par-

ticular sample, and little is gained by preparing more than three specimens from a 

sample. A typical specimen has volume ~10 cm3.

Fig 3.12A: The typical sampling scheme for a land-based palaeomagnetic study.
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If the bedding at a site is other than flat-lying, the orientation of bedding 

must be determined so that structural corrections can be applied. Bedding orientation 

is determined by standard methods (usually Orienting fixture). To the extent allowed 

by the exposure, the complete structural setting should be determined. If sites are 

collected from structures such as limbs of plunging folds, both local attitude and 

plunge must be determined to allow complete tectonic correction. 

Logistics of sample collection dictate strategies for obtaining oriented sam-

ples. Basic attributes of the most common sampling methods are discussed below.

a. A cylinder is drilled using a portable drilling machine into the depth 

of 6 cm in minimum, but it should not be removed from the outcrop 

before its orientation is measured. The diameter of the drilled cylinder 

must not exceed 2.54 cm and the cylinder should not be curve.

b. The geological compass is fixed on the Orienting Fixture in such a 

way that the letter S on the compass scale is oriented towards the slit 

for marking the drilled cylindrical specimens on the cylindrical part of 

the fixture.

c. Loosen the screw fixing the dip level and insert the orienting fixture 

on the drilled cylindrical specimen and rotate both the whole fixture 

about the cylinder axis and the dip level about the horizontal axis until 

the water level on the compass indicates horizontal orientation of the 

compass scale. Tight up the dip screw.

d. Using soft copper wire or thin water proof pen, make a line on the cyl-

inder side following the slit on the cylindrical parts of the fixture.

e. Measure the azimuth (it must be read at the North side of the magnetic 

needle in the interval between 00 and 3600).

f. Measure the plunge/hade of the cylinder axis on the scale fixed on the 

fixture. The downward drilled cylinders have plunge/hade ranging 

from 00 to 900 (on the fixture).

g. Remove the drilled cylinder from the rock out crop using screw driver 

and hammer.



58

h. Draw arrows to orientation line in such a way that the arrows are ori-

ented towards the rock.

i. Cut the cylinder for the height of 21 to 22 mm and draw the fiducial 

mark on the frontal part of the cylinder.

Fig. 3.12B: Orientation system for sample collected by portable core drill. Diagram 
on the left is a schematic representation of core sample in situ. The z axis points into 
outcrop; the x axis is in the vertical plane; the y axis is horizontal. Diagram on the 
right shows orientation angles for core samples (Butler 1992).

3.5.3 Magnetic Cleaning Techniques

The palaeomagnetic analysis involved in the isolation of highest stability 

component of NRM (called ChRM) and this is carried out by partial alternating field 

and thermal demagnetization techniques in the laboratory. The techniques used to 

resolve these directions are called magnetic cleaning or palaeomagnetic demagneti-

zation techniques.

The most common methods used for the demagnetization (magnetic clean-

ing) are Alternating Field (AF) demagnetization and Thermal demagnetization. Dur-

ing the demagnetization experiments specimens are subjected to stepwise increments 

of alternating field or temperature in the presence of zero steady magnetic fields 

(field-free space).

3.5.3.1 Alternating Field demagnetization

The fundamental procedure of AF demagnetization is to expose a specimen 
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to an alternating magnetic field. The waveform of the alternating magnetic field is a 

sinusoid with linear decrease in magnitude with time (Fig. 3.13). The AF demagneti-

zation equipment can produce peak alternating fields up to 100 mT which is ade-

quate for dealing with magnetite bearing rocks. AF demagnetization is effective in 

removing the secondary NRM and isolating characteristic NRM (ChRM) in rocks 

which comprises ferrimagnetic minerals such as, magnetite or titano-magnetite 

(Butler, 1992). However, this technique may not be successful for sample with high 

coercivity minerals (e.g. hematite).

3.5.3.2 Thermal Demagnetization 

When a rock specimen is heated to temperature T and then cooled in zero-

field space, all grains with blocking temperature TB £ T will be reset to the zero mag-

netization (Butler, 1992). Thermal demagnetization eliminates short relaxation time 

components, as they have lower blocking temperatures. The technique is effective in 

finding the magnetic carriers of the sample by the sudden drop in the magnetization 

while reaching the Curie point of the magnetic mineral (Butler, 1992; McElhinny 

and McFaden, 2000). 

Fig.3.13: Schematic representation of alternating-field demagnetization. (a) General-
ized waveform of the magnetic field used in alternating-field (AF) demagnetization 
showing magnetic field versus time; the waveform is a sinusoid with linear decay in 
amplitude; the maximum amplitude of magnetic field (= peak field) is HAF ; the stip-
pled region is amplified in part (b). (b) Detailed examination of a portion of the AF 
demagnetization waveform (From Butler, 1992).
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However, thermal demagnetization has disadvantage as the magnetic miner-

als in some of the rocks can undergo chemical changes during heating due to which 

the rock may lose the remanent magnetization. The continuous monitoring of initial 

susceptibility would rather help in ascertaining such mineral phase changes during 

laboratory thermal treatment. During stepwise demagnetization process low-stability 

components (viscous/secondary) are removed as the demagnetization temperature 

(peak magnetic field in case of AFD) is increased. As a result, the remaining NRM 

rotates in directions and changes in the intensity (fig. 3.14). When the ChRM direc-

tion is revealed, after removing unwanted magnetic components (viscous/

secondary), the intensity would decay whereas the direction will remain stable.

Fig.3.14: Perspective diagram of NRM vector migration during progressive demag-
netization. Solid arrows show the NRM vector during demagnetization at levels 0 
through 5; the dashed arrow is the low-stability NRM component removed during 
demagnetization at levels 1 through 3; during demagnetization at levels 4 through 5, 
the high-stability NRM component decreases in intensity but does not change in di-
rection (from Butler, 1992).

3.5.4 Graphical and Statistical Representation

3.5.4.1 Zijderveld Diagrams

The remanent magnetizations present in the rock sample undergo changes 

both in its direction and intensity during progressive demagnetization. The changes 

in direction are presented on stereonet and changes in intensity by plotting the inten-

sity decay curves. However, both direction and intensity can together be presented 

on Cartesian plot, called Zijderverld diagram (Zijderveld, 1967) by projecting the 

vector components over two orthogonal planes. To construct these diagrams, each 

NRM vector observed during the progressive demagnetization experiment is re-
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solved into north (N), east (E), and vertical (Down, Z) components.

There is often significant scatter in the trajectories of the remanent vectors 

which otherwise should be linear. Therefore, a quantitative technique such as Princi-

ple Component Analysis (PCA) is needed to determine the direction of the best-fit 

line through a set of scattered observations. From a set of successive data points 

PCA determines the best fitting line, whose precision is estimated by the Maximum 

Angular Deviation (MAD). 

3.5.4.2 Statistical Analysis 

A probability density function applicable to palaeomagnetic directions was 

developed by British statistician R.A. Fisher (1953) and is known as the Fisher dis-

tribution. Each direction is given unit weight and is represented by a point on a 

sphere of unit radius.

Calculations for Mean direction

To compute a mean direction from a set of N unit vectors, the direction co-

sines of the individual vectors are first determined by, 

where, Di = declination of i vector; Ii = inclination of the i vector, and li, mi

and ni are the direction cosines of the i vector with respect to the north, east and 

down directions. The direction cosines, l, m, and n of the mean direction are given 

by

where, R is the resultant vector with length R given by,

From the mean direction cosines given by the above equation, the D and I 
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of the mean direction can be computed by,

and 

The precision parameter K (dispersion of a population of directions) can be 

calculated by, 

k increases as R approaches N for a tightly clustered set of directions.

For a directional data set with N directions, the angle a(1-p) within which the 

unknown true mean lies at confidence level (1-p) is denoted by,

The usual choice of probability level (1-p) is 0.95 (i.e. 95%), and the confi-

dence limit is usually denoted as a 95. The confidence limit a 95 is a measured preci-

sion with which the true mean direction is estimated and it is certain that 95% of the 

true mean direction lies within a 95 of the calculated mean.

3.5.4.3 Estimation of Virtual geomagnetic pole

Any pole position that is calculated from a single observation of the direc-

tion of the geomagnetic field is called a Virtual geomagnetic pole (VGP). This is the 

position of the pole of a geocentric dipole that can account for the observed magnetic 

field direction at one location and at one point in time. A VGP can be calculated 

from an observation of the present geomagnetic field direction at a particular locality 

(Fig. 3.6). The virtual geomagnetic pole latitude is calculated in the following way 

from the site mean ChRM directions (Im, Dm) and site latitude (l s) and longitude (f

s),

In the first step magnetic colatitude, p is calculated, which is a great circle 

distance from site to pole. From the dipole formula,
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VGP latitude is given by,

Positive VGP latitude indicates normal polarity of the geomagnetic field at 

the time of ChRM acquisition, while negative VGP latitude indicates reversed polarity.

3.5.4.4 Principal component Analysis

Kirschvink (1980) applied the classic multivariate technique of principal 

component analysis (PCA) to estimate the directions of lines and planes of best least

-squares fit along the demagnetization paths on a Zijderveld plot. From a set of suc-

cessive data points PCA determines the best fitting line, whose precision is estimated 

by the maximum angular deviation (MAD). Although there is no general rule for ac-

ceptable values of the MAD value, line fits from PCA that yield MAD > 15° are of-

ten considered ill defined and questionable, whereas those with MAD < 10° would 

be considered to be reasonably good. Of particular importance when dealing with the 

ChRM is to decide whether the origin should be included as a data point because the 

ChRM is determined from the trend of the data points towards the origin. There are 

three situations that can be considered as follows:

i. force the line to pass through the origin (anchored line fit);

ii. use the origin as a separate data point (origin line fit);

iii. do not use the origin at all (free line fit).

For determination of the ChRM either the anchored line fit or origin line fit 

would obviously be used, whereas the free line fit would be used for other compo-

nents.

3.5.5 Geomagnetic Polarity Time Scale (GPTS) 

The basic principle of magnetic stratigraphy is simple. The Earth’s mag 

netic field reversed its polarity from time to time and the sequence of the reversals 

was recorded in the rocks. On the one hand, the palaeomagnetic study of rocks of 

known age allows to reconstruct the time sequence of the reversals (i.e. the reference 

scale), on the other hand rocks of unknown age can be dated by comparing the se-

quence of the polarities they have recorded with the reference scale. A robust refer-

ence scale is thus the essential condition for magnetic stratigraphy.

mssp Dpp CosSinCosCosSin(Sin 1 lll += -
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The first time scale put forward by Cox et al. (1963a) appeared to be consis-

tent with a periodicity of magnetic reversals at about 1 million year intervals. How-

ever, as new data appeared in the literature (Cox et al., 1963b, 1964a; McDougall 

and Tarling, 1963, 1964) it rapidly became apparent that there was no simple perio-

dicity; the lengths of successive polarity intervals varied haphazardly, some being 

long (~1 Myr) and others short. Cox et al. (1964b) proposed that within intervals of 

predominantly one polarity lasting of the order of 1 Myr, there were short intervals 

of opposite polarity of the order of 0.1 Myr. The longer intervals were termed mag-

netic polarity epochs and the shorter intervals were called events. The epochs were 

named after pioneering scientists in geomagnetism (Brunhes, Matuyama, Gauss, and 

Gilbert) whereas the events were labeled from the location of their discovery (e.g., 

Jaramillo, Olduvai, Kaena, and Sidufjall). The terms chron and subchron have sub-

sequently been officially adopted to replace the terms epochs and events. However, 

the terms "epoch" and "event" are still used but with somewhat different meaning. 

For example, the term reversal event is often used to describe the phenomenon of 

two reversals that occur close to each other in time, whereas the term subchron refers 

to the time interval of the stratigraphic record of an event. A few millions years of 

the Geomagnetic Polarity Time Scale (GPTS) compilations, covering the past 4 mil-

lion years were done in the years 1959-1966. Ocean floors provide the longest and 

most continuous record of the Earth’s field reversals and the most accurate frame to 

construct the reference scale. A profile of oceanic anomalies depends on the re-

corded sequence of reversals and on the expansion rate of the sea floor.

The first step in the construction of the scale therefore consists in identify-

ing the anomalies and evaluating their width. The record along a single profile may 

be more or less complete, as may the expansion of a ridge have been discontinuous.

Therefore, it is necessary to consider profiles recorded through the ridges of 

the various oceans and to constrain their expansion within the global geodynamic 

framework. The final result of thirty years of this enormous work is the Geomagnetic 

Polarity Time Scale (GPTS), which covers the last 84 Myr (late Cretaceous to Re-

cent). The framework to build the GPTS is given by the anomalies across the South 

Atlantic ridge, whose expansion rate is better constrained.
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The palaeomagnetic data obtained from sedimentary sequences bear a sup-

plementary time constraint to the GPTS: indeed fossils, mainly planktonic foraminif-

era and nannoplankton, allow to correlate even over great distances the ocean floor 

magnetic anomalies with the stratigraphic sections derived from ocean piston cores 

and uplifted marine sections. It is thereby possible to correlate the fossils associa-

tions, and hence the major and minor periods of the traditional geological chronol-

ogy, with the sequence of the reversals and hence the GPTS chrons. The details and 

the time resolution of the GPTS are continuously improved with new studies and 

new methodological approaches. 

3.5.6 Sediments Accumulation Rate (SAR)

The magnetostratigrapher often confronted with a series of normal and re-

verse polarity zone, the pattern of which may correlate with one or more segment of 

the GPTS. The ratio of the sediment thickness and time is initially is used to deter-

mine preliminary sedimentation rate. Sediments accumulation rates have been esti-

mated from the duration of the events (normal and reverse) obtained from the GPTS 

and the sediments accumulated during the corresponding events obtained from the 

MPTS of the studied section. 

Change in SAR is the most significant parameter of basin tectonic infer-

ences using magnetostratigraphic data. However its correlation needs a careful ex-

amination since the SAR varies with the location (distal – proximal) and a tectonic 

setting of the given sedimentary section within the basin/sub-basin.
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Plate 3.1: (a) Handheld portable drilling machine, (b) Drilling in progress in Sairang 
section, (c) Drilled holes, (d) Dual-blade cutting machine, (e) Core specimen with 
fudicial mark, (f) Specimens being treated in JR6, (g) and (h) Thermal Demagnetizer 
and Alternating Field Demagnetizer  for magnetic cleaning. 
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c d

e f

g h
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Chapter 4

LITHOSTRATIGRAPHIC STUDY

4.1 INTRODUCTION

Magnetostratigraphic studies are normally attempted for those sections that 

expose well preserved rock successions. The first of such sections in and around Ai-

zawl city lies on its northern side and forms a part of the eastern limb of the Aizawl 

anticline comprising of Middle Bhuban succession and is named Bawngkawn- Durt-

lang (BD) section (Fig.4.1). Further to the east of BD section, another thick and well 

exposed section (named Tuirial section) also occur on the eastern limb of the Aizawl 

anticline and comprises Upper Bhuban succession (Fig. 4.2). The third section 

(named Sairang section) lies in the western limb of Aizawl anticline and also com-

prised of Upper Bhuban succession (Fig. 4.3). 

In the present attempt we prepared detailed lithologs for these three sec-

tions. The sedimentologic observations including grain size, color, upper/lower con-

tact relations were noted along these sections, and also sedimentological units were 

assigned mainly based on fining and coarsening upward cycles to demarcate the visi-

bly characteristic packages of sedimentation, lateral changes and primary sedimen-

tary structures and the depositional environments have been inferred (Reading, 

1982).

4.2 BAWNGKAWN-DURTLANG (BD) SECTION

This 565 m thick measured section has been delineated with 18 beds, and di-

vided into 11 units. The section shows lithofacies grading from alternation of shale 

and silty shale (at places compact and laminated), alternation of silt and fine sand to 

medium grained sands. There are fining as well as coarsening upward cycles. Each 

fining upward cycle in the lower part ends with thick, compact shale. While in the 

upper part they end with intercalations of shale and silt, silty shale or sandy silt. Be-

sides this, the overall grain size gradually increases towards the top of the section 

within a range and frequency of fine sand to medium grained sand and also by the 
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increase in silt content within the shale. The sand body thickness and frequency of 

occurrence too show a general upward increasing trend. The coarsening up packages 

of sedimentation is predominantly represented by the grey sandy bodies of massive 

nature. Internally majority of these show fine lenticular shale lamina and sometimes 

show flaser bedding. 

4.2.1 Lithological Units of BD section 

Unit 1 represents overall coarsening up alternating sand, silt and shale. 

Lower part (18 m) shows silt and shale dominant subunits while upper part (50 m) 

shows subunits of sand and silt. In the upper part the first 2 m shows occurrence of 

grey sand lenses with increasing thickness upwards and change over from lenticular 

to wavy bedding. This is followed by buff sandstone and silt alternation of second 

sequence, where again sandstone bedding changes from lenticular to wavy with in-

creasing bedding thickness. It continues towards top where the sandstone bed thick-

ness increases by brown laminated sandstone which thickens upward as wavy bed-

ded and intercalated with silt. The upper top part shows thick grey shale. Unit 2 is 

fining upward sequence in which the lower part comprises thickly bedded buff 

(medium to fine grained) sandstones. In the middle part these sandstones are sepa-

rated by shale, their thickness varies from 140 to 70 cm and show cross stratification. 

The upper part shows decreasing sandstone channel thickness up to 20 cm and is 

variable with increase in shale content. Unit 3 is a sequence of buff sandstone, over-

lain by thickly bedded medium grained sheeted buff sandstone with sharp contacts. 

Unit 4 lower part shows thickening up sequence of buff sandstone and silty shale 

alternations in which trough cross stratification are common. It follows 28 m thick 

thickening upward siltstone and silty shale alternation. This is overlain by another 

sequence of which comprises silt and sand and the top shows sand silt alternation 

with increasing thickness. Unit 5 is an overall fining upward silt–shale sequence 

with basal part showing wavy bedded buff sandstone intercalated with shale and is 

followed by thick shale dominated sequence with decrease in sand bed / lenses thick-

nesses. Unit 6 is a fining up sequence with bottom part showing imbricate lensoidal 

bedded buff sand and mud followed by thickly bedded lensoid to parallel sand bod-

ies, and prominent ripple load casts at the base. The thickness of these sand bodies 

decreases upwards with shale appearing at the top. This follows 30 cm thick dark 
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brown sandstone followed by alternate sand and mud sequence that continues in 

sand and shale alternation thickness decreases upward. This is followed by grey silty

-shale and olive shale. Unit 7 comprises of coarsening upward and fining upward 

sequences. The lower thick part shows coarsening up grey sandstone with irregular 

base and the bedding thickness increases upwards. This is followed by thick coarsen-

ing upward sequence comprising mainly of silt. This follows alternation of sand and 

shale with increase in sand body thickness upwards. This is overlain by thick fining 

up sequence comprising of alternate buff sandstone and grey shale and the thickness 

of alternation decreases upward. In the overlying unit comprises thickly bedded 

sandstone with basal part showing intercalated thin mud layers. This is followed by 

thick sandstone units overlain by thick mud. Unit 8 consists of coarsening up cycles.

The basal part is dominated by siltstone with alternation of buff sandstone and shale 

and their increasing thickness upward showing cross stratification. The middle part 

is silt and fine sand dominant followed by alternation of sand and silt and the upper 

part show cross bedded sandstone. The upper part shows brown sandstones separated 

by thin shale partings. Unit 9 entire sequence shows individually fining up cycles 

within an overall coarsening sequence. The lower part shows fining up cycle of len-

soid buff sand bodies encased in grey silty-shales. The sandstone thickness decreases 

upwards and the sandstones are rich with ichnofossils. This follows a 16m thick fin-

ing up sequence in which the base of the buff sand bodies are irregular and show 

large load cast structures. The thickness of bedded sand bodies decreases upward 

and separated by thin silty-shale which attains larger thickness towards top. This fol-

lows thick fining up progradational sequences. The bottom part consists of mixing 

and alternation of brown and grey sandstones of fining up cycles with upward in-

creasing thicknesses. Flaser to lenticular bedding and mud pellets and discontinuous 

lenses are common in these sandstone. Thickness of these sand bodies decrease up-

ward with increase in shale (silt) thicknesses. It represents overall progradational se-

quence where basal sand bodies are of buff sandstone followed by grey sand bodies 

at the top. Unit 10 is fining up sequence. The basal part comprises mainly of sand 

and then alternation of sandstone and shale with decrease in thickness upwards. The 

upper parts comprises shale and silt with thin bedded lensoid sand bodies of mixed 

grey and buff color and are cross stratified. The basal part of these sand bodies show 
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prominent load cast structures. Unit 11lower part shows thick grey silt dominated 

sequence with fine sandstone at the basal part and silt with sand lenses towards the 

top. This is followed by sandstone and shale alternation with varying bedding thick-

nesses. This is overlain by thinly bedded sandstone and silt alternation.

Fig. 4.1: Composite litholog of Bawngkawn - Durtlang section, Aizawl.           

4.3 TUIRIAL SECTION

The Tuirial section measured along Aizawl –Tuirial road in the vicinity of 

Aizawl city was studied for the magnetostratigraphic and sedimentologic attributes 

(Fig.1.1).  Tuirial section mainly exposes the Upper Bhuban succession. This section 
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shows alternations of fine sand, shale and silt in the lower part while the upper part 

becomes fine to medium grained sandstone dominant. The lower part is mainly 

dominated by the grey sandstone and silt while the upper part shows intermixing of 

gray and yellowish brown (buff) sandstones and purely buff sandstones at places. 

Overall the grain size increases from fine silt to medium grained sandstone with oc-

casional coarse grained sandstone towards the top. The shales are mainly olive green 

to grey colored with variants of dark grey, light grey to greenish and shows grada-

tion from clayey-silt to silty-clay. A detailed litholog has been prepared separately 

for the three consecutive parts totaling 47 sedimentological units of the section de-

scribed below. 

4.3.1 Lithological Details of Tuirial Section

The lowermost part is 70 m thick silt dominant section showing alternations 

of shale, siltstone and fine grained sandstone towards the top. The part below this 

section shows dislocation fault in the shale horizon. Therefore section measurement 

was started from the overlying undisturbed siltstone as the bottom of the section. 

The coarsening upward Unit 1 is siltstone with thinly bedded lower part and 

thicker towards the top. It is grey colored with sharp lower and upper boundaries and 

includes lensoid intercalations of olive green shales. The topmost part shows asym-

metric current ripples with sinuous to linguoid crests. Unit 2 is a 6 m thick sheet like 

massive fine grained sandstone with topmost part becoming a compact calcareous 

layer. Unit 3 is an alternation of fine sand and shale beds with the sands thicker than 

the shale which is grey and thinly laminated. Unit 4 is fining up of intermixed brown 

and grey colored shale (4 m thick) with ripple marks and sharp lower-upper contacts. 

Unit 5 is a fine grained sandstone unit showing mud pellets (grey colored) in the 

brown colored sandstone. The lower part is friable sandstone with intermixed buff 

sand while the upper part is the grey colored sandstone. Unit 6 shows the grey col-

ored intercalations of siltstone, fine grained sandstone and thin olive green shales. 

Unit 7 is thinly laminated olive green shale with gradational lower contact and sharp 

upper contact. Unit 8 is thinly bedded alternations of fine grained sandstone and silt-

stone with lensoid intercalations of shale.
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Fig.4.2: Composite Litholog of the Tuirial section, Aizawl, Mizoram

The middle part is 700 m thick fine grey sandstone dominant. The base of 

the lowermost unit is debris covered zone with some neotectonic activity due to dis-

location fault. The lower unit (9) is shale dominant with upper part becoming silty 

and passes to unit 10 of silt dominance with fine intercalations of shale. This is fol-

lowed by the silt and fine sand dominant unit of 10, typically displaying coarsening 

upward nature of the unit. The lower part of unit 11 is alternate silt and fine sand-
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stone and is followed by fine sandstone and shale intercalations showing some load 

cast structures. This is followed by unit 12 of grey colored silt and shale alternations. 

Unit 13 is a siltstone with thin shale partings within it and becomes grey colored fine 

sandstone towards top. In the unit 14 the contact with 13 is gradational in color be-

coming brown (intermixing of grey and brown) and shows horizontal laminations. 

Unit 15 is grey colored fine sandstone with thin shale partings and mud pellets and is 

coarsening upwards. Unit 16 is thinly bedded silty-sandstone showing ripple marks. 

This unit grades into fine grained thinly laminated sandstone of unit 17. The laminea 

are separated by very thin shale. Unit 18 is alternate silt sand laminations and thinly 

bedded. This is followed by massive fine to medium grained poorly cemented brown 

sandstone of unit 19. Unit 20 shows a fine to medium grained grey colored sand-

stone showing ball shaped selective calcareous cementation within it. Unit 21 is a 

thick sequence of fine to medium grained grey sandstones separated by thin shale 

horizons showing long ranging fossil occurrences (bivalve). Unit 22 is thinly bedded 

silty sandstone with intermixing brown and grey silt/sand. Unit 23 is grey sandstone 

with selective calcareous cementation of ball shaped. Base of the unit 24 is shale 

dominant and is followed by alternation of shale and sand. In this entire unit, shale 

predominates over sand and the top part shows ripple laminations as well as load 

cast structure. This unit also shows an intermixing of grey and brown sand. Unit 25 

is thinly bedded silty sandstone with equal proportion of silt and sand. Unit 26 is 

thickly bedded brown sandstones (~1m) separated by thin grey colored shale. The 

lower contacts of these sandstones show mud pellets. The lower part of unit 27 is 

sand- dominant and changes to thinly bedded siltstone. The uppermost part of the 

unit shows alternation with shale ended by splintery shale. This upper part is fos-

siliferous showing bivalve. Unit 28 at bottom shows silty-sandstone and the upper 

part shows bedded sandstones (<1 m) separated by thin shales, both showing inter-

mixed brown and grey color. 

The uppermost part of the Tuirial section is 585 m thick and is essentially 

composed of sandstone dominance with thick multistoried sandstones as well as in-

dividual sandstones separated by pinching out shales. This section is separated from 

2p due to occurrence of ductile shearing in between but again without change in the 

bedding dip. Unit 29 starts with a fine grained grey sandstones with ripple marks and 
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is followed by thin shale bands. Upper part of this unit shows silty-sandstone with 

thinly bedded shale. Unit 30 begins with grey colored medium grained bedded sand-

stones with each bed of the order of <1m separated by thin shales. Top of this unit 

becomes fine sandstone to siltstone with horizontal laminations. Unit 31 is a inter-

mixed (/intermediate) coloured bedded sandstone sequence of ~1m thick beds sepa-

rated by thin shales. The lower part of the unit 32 is shale dominant and grades into 

siltstone upwards. In Unit 33 the lower part shows thinly bedded sandstones sepa-

rated by silt/shale. This is followed by the unit 34 showing a typical buff coloured 

medium grained, poorly sorted sandstone. Unit 35 bottom is silt/shale intercalations 

with dominance of shale and is followed by silty-sandstone while the topmost part 

shows silty-sandstone with all the lithology of grey color. Unit 36 comprises inter-

mediate colored medium grained sandstone and grey colored siltstones. The next 

unit 37 shows intermixed sandstone with thin shale laminations and the sandstone 

show trace fossils. It becomes silty and grey colored towards the top and contains 

bivalves. Unit 38 is brown sandstone with laminations of fine to medium grained 

sand. Unit 39 is bedded grey sandstones of about 1m thickness separated by thin 

shales. Unit 40 is massive grey colored silty-sandstone. Unit 41 shows shale in the 

bottom followed by fine silty sandstone. Unit 42 is typically fining upward grey silty

-sandstone with top becoming silt and fossiliferous having burrows and bivalves. 

The top part also shows enechelon shaped selective sedimentation. Unit 43 the lower 

part shows grey colored sandstones of ~ 1m thickness separated by thin shales. Up-

per part of this unit shows massive buff colored poorly cemented sandstones and is 

followed by intermediate colored medium grained sandstone. The Unit 44 shows 

fine to medium grained intermixed sandstone with parallel laminations in the lower 

part followed by grey colored sandstones in the middle and top part. Unit 45 is 

thickly bedded sandstones (~ 1m) thick separated by thin shales and is of intermixed 

grey to dark grey colors. Middle part becomes dark grey and the top part becomes 

more silty with fossiliferous horizons of bivalves and burrows. Unit 46 bottom 

shows brown poorly cemented sandstone and to becomes intermixed silt to fine 

sandstone. Unit 47 is fine to medium grained grey sandstone with bedding thickness 

gradationaly increasing towards the top. The beds are separated by thin shales. Unit 

48 is massive, typically buff colored sandstone with poor cementing showing cross 
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bedding structures. Top of the section shows a large dip discordance and further no 

exposures limiting us to end this section.

4.4 SAIRANG SECTION

This section lies in the western side of Aizawl city (Fig.1.1). The 460 m 

thick measured section comprises of thick shale, siltstone and fine grained sandstone 

of predominantly grey and buff in colour with few intermediate colored. A detailed 

litholog has been prepared separately for the two consecutive parts totaling 19 sedi-

mentological units. 

4.4.1 Lithological Details of Sairang Section 

Lower part of the Unit-1 begins with siltstone-shale alternations and is over-

lained by sandstone and siltstone alternations. The sandstone is fine to medium 

grained brownish to grey colored, calcareous sandstone with ball structure. Unit 2 is 

alternating shale- siltstone with siltstone thicker than the shale bands that are 10-15 

cm thick. Trace fossil are also present in the siltstone bed. Top part of this unit  

shows grey sand lenses and the unit is coarsening upward sequence. Unit 3 is sand-

stone-siltstone alternations with the light brown coloured sandstone displaying flaser 

bedding within the grey colored siltstone. The siltstone-sandstone alternating  se-

quence is separated by thin irregular medium to fine grained grey sandstone layers. 

Bottom part of Unit 4 is alternation of coarsening upward cycles of sandstone pass-

ing into shale each cycle less than 1 m. In the upper part the cyclicity continue  in 

sandstone-siltstone alternation with fining upward with shale bed at the top. Unit 5 

starts with the alternations of thick sandstone and thin shale beds continue by alter-

nate beds of fine grained sandstone and siltstone and is coarsening upward sequence. 

In the unit 6 the lower part is thinly laminated shale and it is overlained by medium 

to fine grained grey colored sandstone. This sandstone typically shows flaser bed-

ding enclosing the lenses of light yellowish grey coarse grained sands. In the upper 

part sandstone and siltstone are alternating and thin shales are parting each alterna-

tion with coarsening upward. Unit 7 is buff sandstone beds without separation of 

shales. The base of this sandstone marks thin shales. Mud clast was found in the bot-

tom part of the unit. Buff sandstone in the upper part of the unit displays flaser bed-

ding. Unit 8 starts with shale and passes to siltstone with ripple marks, cross lamina-
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tion, and closed by soft silty-sandstone. Unit 9 starts with thinly bedded silt-shale 

laminations with top showing a thin irregular layers of silty-sandstone. 

Fig. 4.3: Composite litholog of Sairang section, Aizawl.

Upper part of the section comprises 240 m thick succession and is essen-

tially composed of thick multistoried silty-sandstones beds with as well as individual 



77

sandstones beds separated by shale beds. Unit 10 starts with a fossiliferous grey col-

oured silty-sandstone (9 m lower bed) and brown silty-sandstone (0.71m upper bed). 

The lower bed at this unit also contains two intraformational calcareous conglomer-

atic bands, the lower one at 0 – 0.33 m and the upper one at 4.5 – 4.9 m stratigraphic 

levels. Boring within the calcareous pebbles are numerous and prominent.  The bed 

is highly bioturbated with a large numbers of worm burrows of different types. The 

bulk of the fauna from this unit comes from the lower bed mainly from the upper 

conglomeratic band and the faunal assemblage consists of fish teeth and poorly pre-

served bivalves, gastropods, decapods and monogeneric form of foraminifers 

(Ammonia sp.). The upper bed is 3m thick fossiliferous buff, fine to medium grained, 

well bedded, moderately hard and compact silty-sandstone. Poorly preserved bi-

valves and echinoids within this bed occur sporadically (Ralte et al., 2009, 2011). 

Unit 11 shows shale with lenticular and flaser beddings and cross lamination. Unit 

12 is three cycles of typically coarsening upward grey silty-shale with top becoming 

silty-sandstone and fossiliferous having burrows. Unit 13 is massive, typically buff 

colored sandstone with poor cementing showing cross bedding structures. Unit 14 is 

grey splintery shales overlain by grey silty-sandstone with burrows. Lower part of 

Unit 15 is grey splintery shales and is overlain by grey silty-sandstone with fining 

upward to siltstone. The contact of upper and lower parts is fossiliferous with bi-

valves and upper part shows lenticular and flaser beddings and cross lamination. Af-

ter sharp contacts with the lower bed, it is followed by Unit 16 with a fine-medium 

grained sandstone unit showing mud pellets (grey colored) in the buff colored sand-

stone. The lower part is friable sandstone, while upper part is intermixed buff sand-

stone with brown colored silty-sandstone showing cross lamination. Unit 17 is alter-

nation of greenish to brown color shale with grey siltstone to fine sandstone. Unit 18 

is thick sequence (74 m) of fine to medium grained grey sandstones with ripple cross 

lamination, lenticular with lenses of fine silt, and nodules of carbonate. Unit 19 is 

bedded, typically buff colored sandstone with poor cementing showing cross bed-

ding structures. Top of the section is overlain by top soil and  no exposures are avail-

able beyond this and marks the end of the section.
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Plate 4.1: Field photographs from BD section (a) A rock unit showing flaser bedding 
at the bottom, cross bedded sandstone in the middle and lenticular bedding at the top
(b) Highly bioturbated sandstone unit , (c) Alternating thinly bedded sandstone and 
siltstone unit (grey) with load structure (d) Sharp contact between shale (below) and 
sandstone (top), (e) Siltstone unit (brown) with burrows and (f) Sharp contact be-
tween sandstone (below) and shale (above) having 8-10 cm thick fossiliferous shale 
with Lower Miocene bivalves mostly Pecten sp. 
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Plate 4.2: Field photographs from Tuirial section (a) Thinly laminated sandstone-
shale alternations with parallel lamination, (b) Fossiliferous calcareous sandstone 
with Lower Miocene invertebrate fossils (bivalves, gastropods and echinoids), (c) 
Thinly laminated sandstone-shale alternations with flaser bedding, (d) Thickly cross-
bedded brown sandstone, (e) Multistory sandstone beds showing coarsening upward 
succession and (f) Tidal bundles in the buff sandstone
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e f
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Plate 4.3: Field photographs from Sairang section (a) Thinly bedded alternating 
brown sandstone and grey shale unit, (b) Flaser bedded unit, flasers are internally 
with cross laminated , (c) Buff rippled sandstone  (d) Thinly laminated sandstone-
shale alternations, (e) A section with coarsening upward succession (f) Highly fos-
siliferous calcareous pebbly sandstone unit with fish teeth, bivalves, gastropods and 
foraminifers. Pebbles are highly bores indicating hard ground nearby. 
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Chapter 5

MAGNETOSTRATIGRAPHIC RESULTS 

5.1 INTRODUCTION

This chapter presents results, discussion and inferences on magnetostrati-

graphic studies from the three studied sections. The 565 m thick Bawngkawn – Durt-

lang section, 1355 m thick Tuirial section and 460 m thick Sairang section were sys-

tematically measured and logged and oriented samples were collected at suitable in-

tervals from 50, 58 and 24 sites respectively. Methods of sampling and magnetic 

cleaning techniques and the statistical procedures have been described in Chapter 3 

(section 3.5).

5.1.1 Pilot Demagnetization and Rock Magnetic study

Representative specimens were selected from variable lithofacies and strati-

graphic positions in the three sections for simultaneous rock magnetic and demag-

netizations study in order to get information about the mineralogy and style of de-

magnetization paths. Both thermal and alternating (af) demagnetizations methods 

were used to get a close interval demagnetization spectra for each specimen. The 

partial thermal demagnetizations were conducted at the temperature intervals of 50°

C and 100°C up to 700°C (100, 200, 300, 400, 450, 500, 550, 600, 650, and 700) in 

MMTD-80 with continuous monitoring of magnetic susceptibility using Bartington 

susceptibility meter (MS-2B). After demagnetizing at any particular temperature the 

samples were cooled to room temperature in near zero magnetic field (~5nT). Alter-

nating field demagnetization was carried out with intervals of 5 and 10 mT up to 90 

mT in LDA-3A with less than 10nT field inside the shielded chamber. The remanent 

vectors, moment and directions (D, I and intensity ) were obtained from the Dual 

Spin Spinner magnetometer (JR-6) model of Agico, Czech with a sensitivity of 2×10
-6 A/m. This was followed by the analysis on further batches of samples for the ther-

mal and af demagnetization. One or more specimens from every sample were se-

lected each for a complete spectra of thermal and af demagnetization. Results were 

rejected showing increase in susceptibility during thermal demagnetization assuming 
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that they acquired spurious directions due to oxidation in laboratory conditions. Fur-

ther the samples showing highly scattered vector migration paths are also rejected.

The vector end point diagrams (Zijderveld plots and vector migration 

curves) and the intensity decay plots were analysed using the Remasoft software 

available with the JR-6 magnetometer. After the necessary bedding correction, the 

mean values and related statistics were derived finally to find out the paleolattitudes 

of Virtual Geomagnetic Pole (VGP) with the help of suitable equations (elaborated 

in Chapter 3). Finally the zones of normal and reverse polarity is plotted along with 

the stratigraphic heights to produce the local polarity, i.e., magnetic polarity times 

scale in order to identify the zones over the standard geomagnetic polarity time scale 

(e.g. GPTS of Cande and Kent, 1995) that is discussed in detail. 

5.2 MAGNETIC MINERALOGY 

The rock magnetic study was conducted to investigate the fundamental con-

stituents of the magnetic minerals in order to judge their suitability for producing 

authentic magnetostratigraphic records. The Isothermal Remanent Magnetization 

(IRM) being the most routine method, these samples were subjected to generate the 

IRM spectra of remanence hysteresis (e.g. Fig. 5.1). The uniform nature of IRM 

spectra have shown a relatively monomineralic nature of the rocks having magnetite 

in the range of Pseudo-Single Domain (PSD) to Stable Single Domain (SSD), espe-

cially the siltstone, silty-clay, mudstones and pure mudstones predominantly indicate 

the presence of SSD magnetite. This is also confirmed with significant acquisition of 

Anhysteretic Remanent Magnetization (ARM) in all these samples indicating nota-

ble presence of SSD grains suitable to magnetostratigraphic studies. 

The detailed analysis has been classified according to the lithotypes into 

grey sandstones and siltstones, buff sandstones and the shales. All the samples are 

found to be moderately to weakly magnetic with magnetic susceptibilities (χlf) in the 

range of 0.5 to 2 x 10e-8 m3/kg (Table 5.1). The mean magnetic susceptibilities for 

both grey and buff sandstones are comparable and are higher than the shale samples. 

Saturated Isothermal Remanent Magnetization (SIRM) for brown sandstones is con-

siderably higher than the grey sandstones showing the antiferromagnetic nature of 
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minerals in an overall dominance of the ferrimagnetic minerals. Both soft and hard 

IRM components are higher in the brown/buff sandstones compared to the grey 

sandstone. The higher soft IRM in buff sandstones may be due to dominance of de-

trital magnetites compared to the SD-PSD magnetites dominance in the grey sand-

stones. 

Table 5.1: Common rock magnetic parameters of major litho-types in the Bhuban 
Formation 

The (χlf) for buff sandstones of Upper Bhuban are highest (with high variabil-

ity); and are low for the grey as well as buff sandstones of Middle Bhuban with little 

Grey Sst

Xlf10E-
8M3/K
G Xhf Xfd Xfd% SIRM BCr

SIRM         
Xlf

XARM     
10e-
8m3/kg Soft HIRM

XARM     
SIRM(10e-
3m/A)

IRM  
30-
50mT

1.38 1.38 0.00 -0.79 28.30 25.54 19.62 12.06 13.40 2.84 0.56 6.86 Mean
0.18 0.17 0.01 1.11 5.63 1.51 1.82 3.08 2.64 1.22 0.14 1.33 St. Err
1.04 1.04 0.00 0.40 20.42 23.50 17.55 7.44 8.89 0.69 0.38 4.62 Median
0.86 0.85 0.03 5.46 27.57 7.38 8.91 15.07 12.92 5.97 0.66 6.52 SD
0.75 0.72 0.00 29.80 760.08 54.43 79.48 227.19 166.94 35.67 0.44 42.54 SV
2.49 2.65 16.49 22.80 8.22 -0.17 1.41 6.76 8.79 4.46 8.96 8.80 Kurt.
1.49 1.52 -3.66 -4.73 2.63 0.85 1.18 2.64 2.61 2.21 2.81 2.72 Skew
3.60 3.58 0.19 27.61 125.92 25.00 35.52 60.75 60.65 25.87 3.03 30.14 Range
0.39 0.39 -0.14 -26.13 5.53 15.00 7.84 1.62 1.97 -3.87 0.05 1.48 Min.
3.99 3.98 0.04 1.48 131.45 40.00 43.36 62.36 62.61 22.00 3.08 31.62 Max.

24 24 24 24 24 24 24 24 24 24 24 24 Count
Brown/buff sst

1.34 1.33 0.00 0.09 109.10 29.72 55.15 12.39 43.37 11.06 0.35 28.69 Mean
0.23 0.23 0.00 0.50 30.85 2.17 7.52 1.91 12.74 5.55 0.06 7.89 St. Err
0.73 0.72 0.01 0.58 40.09 27.50 40.89 8.95 15.77 1.11 0.25 8.48 Median
1.30 1.30 0.02 2.84 174.49 12.26 42.53 10.79 72.07 31.39 0.34 44.62 SD
3.06 3.04 2.98 5.71 5.12 19.73 0.84 2.56 3.91 27.18 5.10 3.38 Kurt.
1.87 1.87 -1.26 -1.56 2.33 4.01 1.31 1.76 2.20 5.06 2.12 2.04 Skew
5.14 5.10 0.09 16.52 721.97 72.00 152.47 39.77 280.11 176.67 1.53 169.14 Range
0.32 0.33 -0.06 -9.38 7.57 18.00 14.39 1.67 -9.13 0.20 0.03 1.61 Min.
5.47 5.43 0.04 7.14 729.54 90.00 166.86 41.44 270.98 176.87 1.56 170.74 Max.

32 32 32 32 32 32 32 32 32 32 32 32 Count
shale

0.83 0.83 0.00 0.44 16.26 37.28 19.10 17.94 7.01 2.06 1.86 3.36 Mean
0.05 0.05 0.00 0.28 3.39 7.05 3.32 6.27 1.71 0.84 0.89 0.86 St. Err
0.86 0.87 0.00 0.75 11.25 30.00 15.03 5.42 4.50 0.68 0.49 2.12 Median
0.22 0.22 0.01 1.20 14.40 29.91 14.10 26.61 7.25 3.55 3.77 3.66 SD
0.02 0.03 -1.12 -0.68 5.81 13.37 4.28 4.01 6.17 4.84 11.33 8.29 Kurt.

-0.11 -0.17 -0.32 -0.61 2.21 3.47 1.81 2.07 2.39 2.37 3.25 2.72 Skew
0.85 0.84 0.03 4.07 59.54 135.00 58.05 97.14 29.34 12.88 15.52 15.43 Range
0.43 0.42 -0.01 -1.85 3.17 15.00 4.37 0.62 1.15 -0.51 0.05 0.47 Min.
1.28 1.26 0.02 2.22 62.71 150.00 62.43 97.76 30.48 12.37 15.57 15.90 Max.

18 18 18 18 18 18 18 18 18 18 18 18 Count
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variation. The SIRM behaves similar to χlf and both the parameters being more sensi-

tive to concentration they indicate higher concentration of magnetic (ferri and anti-

ferromagnetic) minerals. Further the SIRM/ χlf for the buff sandstones shows differ-

ent trends than χlf and SIRM suggesting mineralogical variation due to presence of 

antiferromagnetic minerals. This is also attested by the higher coercivities (BOCR) for 

buff sandstones reflecting a mixed mineralogy of ferri+antiferromagnetic. The S-

Ratio shows relatively larger (MD) grains in Middle Bhuban otherwise consistently 

PSD-MD ferrimagnetic grains for buff sandstones.

The grey sandstones show mono-mineral ferrimagnetic nature with variants 

in grain size towards predominantly MD magnetites (Table 5.1). The buff sandstones 

on the other hand shows bimodal (with minor mode of antiferromagnetism) and SD-

PSD variants in ferromagnetic composition. The characteristic patterns that can be 

deduced are Middle Bhuban= Lower concentration and low fluctuation, Upper Bhu-

ban= higher concentration and higher fluctuation. The study indicates that the SIRM/ 

χlf values are more prominent (useful) to distinguish between buff and grey. Overall 

the buff sandstones are differentiated by oxidative mineral phases although the ferri-

magnetic mineralogy is maintained as that of the grey sandstones. 

Fig.5.1: The Isothermal Remanent Magnetization curves for representative samples 
of varied lithology within the studied section. All the samples are saturated well be-
low 500 mT of applied field.
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The mineral magnetism thus suggests that the fundamental framework of 

magnetic mineralogy is maintained by the ferrimagnetic mineral with addition of 

antiferromagnetic oxides in the buff sandstones. Further the grey sandstones shows 

larger ferrimagnets of PSD-MD range compared to SD-PSD range in the buff sand-

stone. The buff sandstones show higher concentration probably by addition of anti-

ferromagnetic minerals. This distribution again suggests that overall the source have 

remained same except the oxidative nature of mineralogy for the buff sandstone and 

the grey sandstones and shales appear to be more suitable for high-resolution magne-

tostratigraphy. The common rock magnetic parameters of major litho-types in the 

Bhuban Formation are presented in Table 5.1.

5.3 MAGNETOSTRATIGRAPHIC RESULTS 

These sections present the results and inferences from the thermal and af 

demagnetization analysis of representative samples. These demagnetization results 

were analyzed with the software Remasoft of Agico, producing the data on stereonet, 

and the curves for intensity decay and Zijderveld diagrams (direction and intensity 

combine). The Primary and Secondary magnetizations were identified and the com-

ponents were assigned in using Principal Component Analysis (PCA). The statistical 

parameters of a-95 (or 63), precision parameter (k) and the mean of D and I are pre-

sented in the tables. The results from individual sections are described below.

5.3.1 Bawngkawn – Durtlang  (BD) Section

5.3.1.1 Thermal Demagnetization

BD 8: Thermal demagnetization of sample BD 8 shows the removal of the viscous 

component (directions near present earth’s field) decayed at 200oC. It is significant 

to note that around 80 % of the intensity is dropped after the removal of this compo-

nent. Further the intensity increases after 450oC followed by the high angle change 

in the directions of the vectors. However the magnetic susceptibility monitoring do 

not show any change around this interval suggesting removal of an antiparallel/high 

angle component. There is again a drop in intensity at 500oC and further increase 

after 550oC with a minor change in susceptibility. This indicates that the sample 

might have acquired some spurious component during thermal treatment. Later on 

the component shows a stable decay till 650oC. However the intermediate PCA di-
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rections for these steps (550-650oC) and the increased susceptibility indicate the spu-

rious nature of these directions. To summarize, this sample indicates the major repre-

sentation of the ChRM directions after the removal of the viscous component at 

200oC that allows distinguishing a reversely magnetized component consistently till 

400oC.

BD 11: The viscous component and a secondary component are decayed by 450oC. 

Thus 80% of the intensity is decayed by the thermal demagnetization step of 400oC. 

Thereafter the directions are consistent and relatively clustered in one quadrant till 

the step 650oC. After 650oC, the vectors are changed and the magnetic susceptibility 

shows an increase. Thus the sample indicates relatively primary ChRM component 

around 400 to 600oC.

BD 12: This sample also shows major decay till 400oC after which it shows a plateau 

till 450 to 550oC. The intensity as well as magnetic susceptibility has increased after 

600oC indicating spurious directions. Thus the relative ChRM directions are obtained 

well below 550oC.

BD 15: After removal of the viscous component by 200oC, the resultant vector 

shows  decay straight towards origin till 400oC. After this the intensity decay and 

magnetic susceptibility have shown fluctuations suggesting spurious acquisition of 

the magnetic moments. Hence the PCA for 300 to 400oC gives the ChRM directions.

BD 16, 30, 35, 38, 39: These samples although show a linear decay in intensity be-

fore 450oC, the vectors have shown a large scatter with some samples typically 

showing spaghetti behavior. Tauxe (1998) suggested in such cases, one or two direc-

tions may be ChRM, that are difficult to identify. Therefore it was planned to adopt 

the AFD for these samples. 

BD 41: This sample typically shows a uni-component linear decay ideally producing 

the ChRM directions. The magnetic susceptibility too remains persistent through out 

the demagnetization spectra.

To summarize, the thermal demagnetization for most of the samples have 

shown a linear decay with about 80 % loss of intensity by ~450oC. Thereafter major-

ity of the samples have shown either scattered vector migration paths or increase in 

the intensities. Hence it appears that the relatively stable primary component can be 

delivered somewhere below 450-500oC after removal of the viscous component.
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5.3.1.2 Alternating Field Demagnetization

BD 8, 24, 38, 48: Since the magnetic mineralogy indicated a fairly mono-mineral 

assemblage with ferromagnetic dominance, the alternating field demagnetization was 

extensively applied. However there was no significant intensity decay for majority of 

the samples  and the thermal demagnetization  was equally applied in the later 

batches about 30% of the specimens were rejected due to this complication

5.3.1.3 Magnetic polarity reconstruction for BD Section

The site mean direction (after bedding/tilt correction), resultant vector (R), 

precision parameter (k), angular dispersion (s), confidence limit (a-95) for each bed 

are presented in the tables 5.2. and the vector behavior during Thermal and Alternat-

ing field demagnetization are presented in Fig. 5.2 (A-D).

Table 5.2: Magnetostratigraphic elements and parameter of test significance for the 
Bawngkawn-Durtlang section.

Site
Height

(m)
Dm Im a-63 k n l-P f-P dp dm

Palaeo-
latitute

BD-1 0.8 46 -15 35.4 211.5 15.4 7.9 -7.6

BD42 8.3 214 -71 45 5.15 4 -49.4 301.7 78.4 68.3 -55.4

BD-3 19.15 59 43 45.5 170.1 18.6 11.5 25

BD-46 82.5 185 -65 82.2 11.5 2 -66 281 132.7 107 -47

BD8 94.5 71 -43 5.9 213 18.6 11.5 -25

BD-9 111.7 287 -52 1 326.2 61 41.7 -32.6

BD48 115.7 301 -78 78 1.93 5 -10.5 292.4 146.8 138.1 -67

BD11 121.8 25 45 44.6 5.22 -63 169.6 56 35.7 26.6

BD50 158.1 34 -42 70 4.14 3 32 235.6 85 52.7 -24.2

BD12 166.6 342 22 68.5 4.32 69 330 72.4 38.3 11.4

BD14 200.6 47 17 42.7 192.7 41.3 21.4 8.7

BD15 213.6 24 -26 45 3.16 6 46 237.8 48.6 26.3 -13.7

BD16 227.6 342 23 74.7 3.81 3 69 330.4 72.4 38.3 11.4

BD17 236.9 348 -10 2 59.2 296.3 69.3 35 -5

BD19 248.6 323 21 125 1.56 4 52.6 349.2 131.5 69.2 10.9

BD20 259.6 353 74 67 4.46 3 53 86.7 120.9 109.1 60.2

BD22 278 178 -40 74 2.51 4 -88 161 89.1 53.6 -22.8

BD-22 278 191 -57 -73 303 58 42.3 -37.6
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Fig. 5.2 (A): Zijderveld plots and the corresponding intensity decay curves of the 
representative samples depicting the vector behavior during Thermal and Alternating 
field demagnetization.

Site
Height

(m)
Dm Im a-63 k n l-P f-P dp dm

Palaeo-
latitute

BD25 311.3 238 -37 -36.5 353.5 35.2 20.6 -20.6

BD26 314.3 251 -40 43 5.41 4 -25.4 347.4 51.8 31.2 -22.8

BD-27 327.2 348 -46 63.7 17.56 2 37.8 286 81.4 52 -27.4

BD28 329.3 38 -28 46.5 3.66 5 36.6 224.7 50.9 27.9 -14.9

BD-29 362.8 192 -38 -78.7 11.2 17.7 10.5 -21.3

BD30 374.3 247 -76 155 1.42 4 -31 301 285.9 263.7 -63.5

BD31 381.4 15 -38 65.5 2.95 4 42.8 253.3 77.4 45.8 -21.3

BD32 381.8 300 -29 43 334.9 16.5 9.1 -15.5

BD35 427.8 330 -43 109 2.4 3 33.5 305.4 135.1 83.7 -25

BD38 456 55 -60 101 1.23 9 7.9 233.8 152.7 115.4 -40.9

BD39 478 305 -78 66 2.91 4 -9.3 291.4 124.2 116.8 -67

BD41 560.5 100 3.5 117 1.41 5 -8.5 176.9 117.2 58.7 1.8

BD24 309 261 -15 67 1.95 6 -11.3 359 68.7 35.3 -7.6

BD23 294.6 359 -46 97 1.89 4 39.1 273.6 124 79.3 -27.4
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Fig. 5.2 (B): Zijderveld plots and the corresponding intensity decay curves of the 

representative samples depicting the vector behavior during Thermal and Alternating 

field demagnetization.
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Fig. 5.2 (C): Zijderveld plots and the corresponding intensity decay curves of the 

representative samples depicting the vector behavior during Thermal and Alternating 

field demagnetization. 
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Fig. 5.2 (D): Zijderveld plots and the corresponding intensity decay curves of the 

representative samples depicting the vector behavior during Thermal and Alternating 

field demagnetization. 
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Finally, the VGP latitude of each horizon is plotted against the measured 

litho-column to reconstruct the local magnetic reversal pattern (Fig. 5.3). The posi-

tive and negative values of the VGP latitude indicate respective normal and reverse 

polarity events of the geomagnetic field. These events are correlated with Geomag-

netic Polarity Time Scale (GPTS) of Cande and Kent (1995). The datum plane for 

the matching of the local polarity patterns with the GPTS comes from a 6 - 10 cm 

thick fossiliferous horizon occurring at 266 m stratigraphic level in the section at the 

contact of sandstone and shale beds. This horizon has yielded pectinid bivalves 

based on which it can be assigned to Early Miocene (Malsawma, 2004; Tiwari et al., 

2007).  This horizon coincides with the top of the normal event no. 4 in the MPTS 

and has been correlated with C6n (20.131- 19.048 Ma) of GPTS of Cande and Kent 

(1995). Correlation of all other events has been attempted accordingly.

Fig. 5.3 : VGP latitudes and magnetic polarity correlation to GPTS (Cande and Kent, 
1995) for the BD Section, Aizawl.
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A total of 7 normal and 7 reverse magneto-zones are obtained for the 

Bawngkawn – Durtlang section (Fig. 5.3). These match fairly well with the corre-

sponding magneto-zones available on GPTS. Thus, the GPTS correlated ages for the 

BD section falls between ~21.7 Ma (at the base) to ~15.1 Ma (at the top). It esti-

mates a total of 6.6 Ma duration for the accumulation of 565 m thick sedimentary 

pile in this section. After the final correlation the following seven normal polarity 

events are being reported (Table 5.3). 

Table 5.3: Summary of the magnetic anomaly (normal) intervals (of Cande and 
Kent, 1995) in the local magnetic polarity of the BD section.

The above results suggests that the longest normal event recorded with 

greater confidence (better alpha- 95) predominantly occurring as C6n may be consid-

ered for basin wide correlation. 

5.3.2 Tuirial Section 

Overall both the thermal and af demagnetizations have shown good results 

for the samples from this section and are elaborated below. 

5.3.2.1 Thermal Demagnetization

1PIIIA: About 90% of the intensity is decayed by 400oC for this samples. The Zi-

jderveld plots have indicated a strong constant component. After this the direction 

have become scattered probably due to the near total removal of the magnetic mo-

S.N. GPTS Events Duration (Ma) Stratigraphic level (m)

1 Top of C6AAn 21.768 4

2 C6An.2n 21.320 – 20.996 14 to 45

3 C6An. In 20.725 – 20.518 93.5 to 112

4 C6n 20.131 – 19.048 146 to 266

5 C5En 18.781 – 18.281 289 to 306

6 C5Dn 17.615 – 17.277 320 to 340

7 C5Cn 16.726 – 16.014 377 to 466
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ments. It appears therefore that the ChRM component itself was decayed and there is 

no secondary component.

1P2 IIB: This specimen shows an ideal decay in intensity till 400oC and thereafter a 

plateau like curve. A viscous component in the direction of the present field is re-

moved by 200oC. About 90% of the intensity is dropped by 400oC suggesting its re-

sponse to the blocking temperatures.

1P2-IIB: It shows a smooth decay till 400oC with a strong unidirectional component. 

Thereafter the component shows large fluctuations although the intensity remains 

steady.

1P3-IVA: A viscous component parallel to the present north is removed by 100oC. 

Then the strong secondary component can be observed till 500oC.

1P5-II: It shows a steady decay for a strong component till 500oC and further with a 

little scatter again the direction for strong component are retrieved.

2P-7c: Thermal demagnetization shows a smooth decay till 350oC. Thereafter the 

intensity remains unchanged from 400-700oC. A relatively stable component can be 

observed at 600-700oC. 

2P-9c: This specimen shows a smooth decay till 400oC by a linearly decaying nature 

of stable secondary component. The directions after 500oC are scattered with change 

in magnetic susceptibility. Hence the stable directions might have unblocked at 

400oC.

2p-12C: In this specimen the intensity decays smoothly till 7000C and the vector mi-

gration too shows almost unicomponent nature throughout traversing towards the 

origin. 

2P-13c: In this specimen, there is a smooth decay in the intensity till 350oC related 

to the secondary component of more or less viscous nature. Thereafter it shows fluc-

tuations in the intensity as well as vector migration paths and records the maximum 

decay at 700oC.

2P-15c: It shows smooth decays in intensity till 4000C, there after shows little devia-

tion till 600oC with some increase at 7000C. A viscous component is removed at 

2000C and another secondary component is observed from 300-4000C and the stable 

directions are observed for 500-6000C.

2P-16c: There is a gradual decay of intensity during the entire path of demagnetiza-

tion and the vector migration too shows uniform path towards origin till 700oC. 
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2P-21d: The intensity decays rapidly till 250oC and then gradually till 400oC for this 

specimen. Afterwards there is no significant change in intensity but with little in-

crease at 600oC. The soft component removed by 250oC and afterwards the tempera-

ture 300-400oC and 600-700oC shows two more components.

2P-25c: It shows a steady decay in the intensity till 400oC and small decay after-

wards till 700oC. It shows a soft component removed by 250oC and another secon-

dary component from 300-400oC. Further a stable component was observed from 

500 to 700oC.

3P1-IA: A steady component is decayed till 400oC. After some fluctuations again a 

hard steady components is seen till 700oC

3P2-IIA: A steady soft component is removed at 300oC, then a stable hard compo-

nent appears from 550 to 650oC removed at 700oC.

3P2-IIIC: A soft component is removed by 300oC and then with little fluctuations 

till 650oC, another component is retrieved.

3P9-IB: A soft component is decayed by 300oC and then a hard component is re-

trieved till 700oC.

3P16-IC: A soft component is removed by 300oC. A stable hard component can be 

seen from 450-550oC only with consistent declination but fluctuating inclination.

3P19-IIC: It behaves almost as a single component system being steadily decayed 

till 650oC.

3P20-IB: It shows two strong components of similar trend, the lower component 

being demagnetized below 450oC.

5.3.2.2 Alternating Field Demagnetization

1PIIIB : Shows a strong component decayed by 40mT with exactly similar behavior 

to that of TD above. However unlike the scatter in the thermal demagnetization re-

sults after 400oC, the directions of AFD are quite uniform and remain consistent till 

90mT.

1P2-IIIC: It shows an ideal decay in the intensity till 50mT followed by some fluc-

tuations. The VEP also shows a linear decay of almost singular component straight 

towards origin. There is a major decay in intensity till 40mT showing a stable secon-

dary component and then shows large fluctuations within the 2nd quadrant.
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1P3-IB: A very stable component is observed to be decaying straight towards origin 

from NRM  to 65 mT steps. Thereafter there is a scattered but again at 85 mT it 

matches with the previous strong components.

1P6-I: A steady component is decayed by 50 mT with another component of little 

variance by 70 mT.

1P7-II: A strong steady component is decayed towards the origin by 50 mT. With 

little fluctuations in the intensity and direction again a strong harder component is 

observed between 70 and 85 mT.

2P-12b: In this sample about 70% of the intensity is decayed steeply by 30 mT and 

then up to 80% till 50 mT; thereafter show plateau till 90 mT. The VEP shows a 

prominent decay of component till 20 mT as the viscous component. From 25-60 mT 

another component of secondary nature was noted. From 70-90 mT there is no nota-

ble change in the intensity and thereafter a component at 80-90 mT showing plateau 

can be assigned as characteristic direction. 

2P-13b: In this sample there is a significant decay in the intensity till 30 mT, there-

after with little noise the intensity decays by 80% till 70 mT, and there is little in-

crease during 80-90 mT. The Zijderveld plots have shown a uniform component 

from 0-30 mT with PCA 9.4/15.5/15; indicating its viscous nature. A secondary 

component occur between 40-70 mT and 80-90 mT shows a plateau, thereafter, there 

is rise in intensity at 80-90 mT probably due to antiparallel/high angle arrangement 

of the secondary component. 

2P-14b: A steep decay in intensity occur by 15 mT and further 95% of intensity de-

cays from 30-60 mT, The intensity decays steadily after 70mT. The viscous compo-

nent decays by 25 mT, whereas the secondary component it seen from 30-70 mT. 

The ChRM can be assigned to the component at 80-90 mT.

2P-16d: It shows a smooth logarithmic decay in intensity till 90 mT with 95% oc-

curring at 50 mT. From 0 to 50 mT there is a remarkably straight single component 

approaching the origin.  Thereafter there is fluctuation at the step 60-70 mT and sta-

ble plateau like directions are achieved at 80-90 mT.    
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2p-17B: For this sample 80% of the intensity is decayed by 25 mT and thereafter it 

shows very little change till 60 mT. Further the intensity decays to 70 mT but again 

increases till 90 mT. The steps 25-50 mT shows another component of secondary 

nature. The directions show large scatter from 70 to 90 mT.

2P-21c: This sample shows a steep decay till 20mT, thereafter the intensity remains 

constant till 30 mT. Further with a little rise, the intensity again remains unaltered till 

60 mT. After 60 mT there is small rise in intensity that remains constant from 70 to 

90 mT. The component from 0 to 20 mT shows 63.2/-24/11.8 denoted as the soft 

secondary component of the viscous nature. The steps 25-40 mT and 50-70 mT show 

two more components. Finally the relatively stable component from 80-90 mT gives 

the stable directions.

2p-25e: It shows a steep decay in intensity till 25 mT, then a gradual decay from 30 

to 50 mT afterwards with a little rise at 60 mT, again it decays gradually up to 90 

mT. The secondary components are seen from 5 to 25 mT and 30 to 50 mT. Gradu-

ally decaying component from 70 to 80 mT shows the stable directions. 

2P-3c: It shows a steep decay in intensity till 40 mT, thereafter there is a smooth de-

cay till 70 mT showing a secondary component from 50 to 70 mT. From 80-95 mT it 

shows relatively stable hard component.

2P-4b: This specimen shows the directions for a soft secondary component removed 

at 15 mT. Another secondary component is removed at 40-70 mT and is followed by 

a stable hard component from 90-95 mT. 

2P-5b: This specimen shows a soft component removed at 30 mT followed by an-

other secondary component from 50-60 mT. The hard stable component is observed 

at 90-95 mT.

2P-6c: This specimen have shown the soft viscous component removed at 15 mT 

followed by a secondary component from 20-30 mT and a relatively stable compo-

nent from 70-90 mT. 
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Table 5.4: Magnetostratigraphic elements and parameter of test significance for the 
Tuirial section.

Site
Height

(m)
Dm DI a-95 k n l- P F-P dp dm

Palaeo-
latitute

1P1 6 281 -15 32.7 1.5 4 19 18 23 39 20.6

1P2 14 88 -13 17.1 5.6 4 11 44 20 26 -42

1P3 24 312 34 19.3 5.9 3 74 95 21 28 40

1P4 27 322 21 16.9 5.8 4 83 318 11 20 19

1P5 33 33 -21 24.6 2.7 4 -31 91 25 35 -36

1P6 45 299 24 22.5 3.3 4 69 58 26 34 40

1P7 55 71 25 13.5 12.0 3 -6 24 9 16 -17

2p26 158 339 14 31.1 1.7 4 52 213 16 31 -2

2p25 194 30 66 27.2 2.2 4 63 346 16 29 -14

2p24 201 320 71 23.4 3.0 4 73 332 14 25 -14

2p23 224 329 17 29.1 1.9 4 -16 129 30 42 -37

2p22 255 322 3 0.0 0.0 4 26 63 2 3 -63

2p21 282 318 -1 21.4 3.6 4 84 230 14 24 -19

2p20 309 307 40 27.2 2.2 4 -20 114 32 41 42

2p19 350 307 72 29.1 1.9 4 -37 158 15 29 4

2p18 378 68 83 29.1 1.9 4 -66 100 15 29 1

2p17 424 273 65 31.1 1.7 4 38 28 30 43 -34

2p16 455 312 44 27.2 2.2 4 74 41 25 37 -33

2p15 467 288 33 17.1 5.6 4 -13 10 9 17 -2

2p14 489 289 41 17.1 5.6 4 16 13 10 19 -15

2p13 494 285 32 27.2 2.2 4 10 143 30 40 -40

2p12 506 321 4 27.2 2.2 4 25 154 27 38 -35

2p11 528 334 2 11.9 11.6 4 35 11 9 14 -20

2p10 542.5 339 40 21.4 3.6 4 79 240 12 23 -14

2p9 562 289 40 19.3 4.4 4 77 12 15 24 -25
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Site
Height

(m)
Dm DI a-95 k n l- P F- P dp dm

Palaeo-
latitute

2p8 571 38 18 29.1 1.9 4 -17 13 15 29 -2

2p7 587.5 54 11 21.4 3.6 4 18 355 10 21 -1

2p6 609 77 51 29.1 1.9 4 50 183 18 33 -17

2p5 616 348 27 29.1 1.9 4 52 185 18 32 -17

2p4 640 359 3 27.2 2.2 4 41 158 26 37 -34

2p3 656.5 345 -4 25.3 2.6 4 31 164 20 32 -27

2p2 709.5 313 -1 17.1 5.6 4 34 26 16 23 -32

2p1 742 284 0 25.3 2.6 4 35 11 16 29 -20

3P25 773 20 -27 10.4 20.3 3 -57 64 5 10 -6

3P24 812 3 4 18.7 4.7 4 -65 83 10 19 -2

3P23 840 359 11 8.0 25.9 4 69 250 5 9 4

3P22 864 358 -31 8.0 25.8 4 -53 139 4 8 -4

3P21 897 3 -19 12.4 8.5 5 -60 122 6 12 -3

3P20 948 22 -13 21.0 3.7 4 -59 77 11 21 -7

3P19 968 355 -14 11.2 13.0 4 64 303 6 11 1

3P18 995 36 -26 14.3 8.0 4 -42 96 11 17 -24

3P17 1015 358 -6 21.8 3.4 4 -65 107 11 22 -1

3P16 1045 337 11 9.8 22.8 3 73 304 5 10 9

3P15 1084 46 15 33.3 1.5 4 -34 43 20 36 -15

3P14 1105 343 17 17.8 5.2 4 75 272 10 19 9

3P13 1130 62 7 23.3 2.4 5 -17 43 19 29 -27

3P12 1139 87 0 29.1 1.9 4 15 34 29 42 -35

3P11 1157 71 -8 26.5 2.3 4 -6 49 29 40 -39

3P10 1161 322 22 14.9 7.4 4 82 339 10 17 20

3P9 1187 57 -9 15.9 6.5 4 -27 55 13 21 -28

3P8 1205 23 -9 10.1 16.1 4 -53 79 6 11 -13

3P7 1225 35 16 15.3 7.0 4 -43 41 8 15 -8

3P6 1248 10 18 20.0 4.1 4 61 227 10 20 2

3P5 1258 357 -20 31.3 1.7 4 -57 125 16 31 -5

3P4 1285 6 3 20.6 3.9 4 -64 79 11 21 -2

3P3 1290 30 -23 26.9 2.3 4 -46 94 19 32 -21

3P2 1332 338 -60 28.8 2.0 4 -21 158 17 31 -13

3P1 1347 51 -38 17.0 5.7 4 70 60 19 25 40
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Fig. 5.4 (i): Zijderveld plots and the corresponding intensity decay curves of the rep-
resentative samples depicting the vector behavior during Thermal and Alternating 
field demagnetization.
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Fig. 5.4 (ii): Zijderveld plots and the corresponding intensity decay curves of the 
representative samples depicting the vector behavior during Thermal and Alternating 
field demagnetization.
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Fig. 5.4 (iii): Zijderveld plots and the corresponding intensity decay curves of the 
representative samples depicting the vector behavior during Thermal and Alternating 
field demagnetization.
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Fig. 5.4 (iv): Zijderveld plots and the corresponding intensity decay curves of the 
representative samples depicting the vector behavior during Thermal and Alternating 
field demagnetization.
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Fig. 5.4 (v): Zijderveld plots and the corresponding intensity decay curves of the 
representative samples depicting the vector behavior during Thermal and Alternating 
field demagnetization.
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Fig. 5.4 (vi): Zijderveld plots and the corresponding intensity decay curves of the 
representative samples depicting the vector behavior during Thermal and Alternating 
field demagnetization.
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Fig. 5.4 (vii): Zijderveld plots and the corresponding intensity decay curves of the 
representative samples depicting the vector behavior during Thermal and Alternating 
field demagnetization.
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Fig. 5.4 (viii): Zijderveld plots and the corresponding intensity decay curves of the 
representative samples depicting the vector behavior during Thermal and Alternating 
field demagnetization.
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Fig. 5.4 (ix): Zijderveld plots and the corresponding intensity decay curves of the 
representative samples depicting the vector behavior during Thermal and Alternating 
field demagnetization.
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Fig. 5.4 (x): Zijderveld plots and the corresponding intensity decay curves of the 
representative samples depicting the vector behavior during Thermal and Alternating 
field demagnetization.
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Fig. 5.4 (xi): Zijderveld plots and the corresponding intensity decay curves of the 
representative samples depicting the vector behavior during Thermal and Alternating 
field demagnetization.
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Fig. 5.4 (xii): Zijderveld plots and the corresponding intensity decay curves of the 
representative samples depicting the vector behavior during Thermal and Alternating 
field demagnetization.
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Fig. 5.4 (xiii): Zijderveld plots and the corresponding intensity decay curves of the 
representative samples depicting the vector behavior during Thermal and Alternating 
field demagnetization.
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5.3.2.3  Magnetic polarity reconstruction for the Tuirial Section

The site mean direction (after bedding/tilt correction), resultant vector (R), 

precision parameter (k), angular dispersion (s), confidence limit (α-95) are summa-

rized in the table 5.4 above. The mean directions after tilt correction have shown im-

proved clustering and satisfactory antipodality (within 5%) for the mean normal and 

reversal. Finally, the VGP latitude for each horizon was plotted against the measured 

litho-column to reconstruct the local magnetic reversal pattern (Fig. 5.5). These mag-

netic reversals are correlated to the Geomagnetic Polarity Time Scale (GPTS) of 

Cande and Kent (1995) based on matching. A total of 7 normal magneto-zones have 

been obtained for the Tuirial section (Fig. 5.5, Table 5.5). Rai (Personal Communi-

cation, 2011) studied an interesting nanno-fossil assemblage from a 8-15 cm thick 

calcareous horizon at 1160m stratigraphic level from this section and assigned this 

horizon to early Late Miocene age. This horizon has been correlated with the top of 

the normal  event 6 of MPTS and C4An of GPTS. The polarity patterns have been 

correlated accordingly. Thus, the GPTS correlated ages of the Turial section falls 

between ~12.5 Ma (at the base) to ~8 Ma (at the top). It estimates a total ~4.5 Ma 

duration for the accumulation of 1355 m thick sedimentary pile in this section. 

Fig. 5.5: VGP latitudes and magnetic polarity correlation to GPTS (Cande and 
Kent,1995) for the Tuirial Section, Aizawl.
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Table 5.5: Normal polarity events of Tuirial section.

5.3.3 Sairang Section 

5.3.3.1 Thermal Demagnetization

USP1-IIB: The specimen shows an ideal decay in intensity till 6000C, there after 

another decay till 7000C. About 98% of the decay occur by 6000C, and then Charac-

teristic Remnant Magnetization (ChRM) is acquired between 500 - 6000C.

USP1-IV: The intensity decays sharply upto 80% till 3000C. Then, the decay contin-

ues upto 4000C with additional 5% decay. Afterwards the decay shows a different 

direction and the primary component is assigned between 300 - 4000C. 

USP1-VI: The intensity decays sharply between 100-5000C upto 98%. Then a small 

plateau between 550-7000C can be seen. The Primary components were assigned 

from 600-6500C.

USP2-IB: The intensity ideally decays between 100 - 5000C for about 90%. Then, 

after 5000C the intensity decays with some changes its directions.

USP2-IIIA: The intensity decay shows two components, the first component is ob-

served between 100 - 3000C with about 70% decay. The second component can be 

seen from 300 to 5000C. 

S.N. GPTS Events Duration (Ma) Stratigraphic level (m)

1 Top of C5An.1n 12.078 218

2 C5r.2n 11.531 - 11.476  (0.055) 236 to 304

3 C5r.1n 11.099 - 11.052  (0.047) 405 to 462

4 C5n.2n 10.949 - 9.920    (1.029) 476 to 572

5 C5n.1n 9.880 - 9.740      (0.140) 583 to 758

6 C4An 9.025 - 8.699    (0.326) 1032 to 1080

7 C4Ar.1n 9.308 - 9.230    (0.078) 1335 to 1350
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USP2-IVA: The intensity decays smoothly up to 6000C plateau like effect from 500 

- 6000C.

USP3-IB, IIIB, IIIC: These samples show similar intensity decay curves. They 

show 98% decay by 6500C, afterwards it changes direction away from the origin up 

to 7000C. The highest decay is assigned as their primary magnetizations. 

USP4-IB, IIIB: These samples show similar intensity decay with two components. 

The first component decay up to 70% from 100 - 3000C and the second components 

from 300 - 5000C where about 92% of the intensity is decayed. The second compo-

nent is assigned as Primary magnetizations.

USP4-IIA, IVA: These samples show the sharp decay in intensity between 100 -

5000C (up to 90%) with rest of the decay between 500 - 6000C. 

IAI, IBII, ICII: They show similar decays curve with two components, the first 

component decay from 0 - 3000C (up to 85%), while second component decay less 

(up to 90%) till 5000C, and continue to approach the origin. 

2A, 2B : The intensity decay curves show two components, the first components 

decay sharply till 3000C (up to 80%). The second component is slightly inclined de-

caying up to 90% till 4000C. 

4BII: From 0 - 3000C the intensity decay smoothly up to 80%, after this slight 

changes in direction occur. The decay continues up to 4000C (90%).

4C: From 0 - 1000C, the intensity decays up to 10%, then it show an arcuate curve 

till 5000C decaying over 95%.

5C, 5DII: The intensity decays showing three components, with first component 

from 0 - 1000C up to 5%, second components decaying in sharply till 3000C with 

70%, then third component decaying smoothly up to 80%. 

5BI: From 0 - 4000C intensity decays up to 97%. After this it shows a small peak 

with decays continuing up to 99% till 5500C.

6BI: From 0 -3000C intensity decays up to 85%, then the second component rises 

back from 3000C. 
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6CII: The intensity shows fluctuations between 100 - 3000C with up to 80% of ef-

fective decay. Afterwards it rises till 4000C with changes in direction. 

7AII: The intensity decays curve shows two components, the first one 0 - 2000C de-

cays up to 60%, and continue with a little changes in direction decays up to 80% 

from 200 - 4000C. 

7BII: The intensity fluctuates from 0 - 2000C with an effective decay of up to 60%. 

From 300 - 4000C it decays up to 60% showing some stable directions.

USP8 - A, B: From 0 - 4000C, the intensity decays upto 85%, afterwards the direc-

tion changes and continue to decaying up to 89% till 5000C. 

USP9 – AI, B, CII: These samples show similar intensity decay curves, ideally de-

caying from 0 - 6000C decays for up to 99%. 

USP11, USP12, USP13: They show similar intensity decay curves with steady, de-

cay from 0 - 4000C (up to 90%) with all the direction falling in the second quadrant.

5.3.3.2  Alternating Field Demagnetization

USP1-IA: From 0 – 10 mT the intensity decays upto 50%, and continue with smooth 

decay till 40mT.

USP1-III: From 0 – 10 mT 70% of the intensity is decayed. From 10 – 20mT the 

intensity decays with some change in direction, and then there is a steady decay be-

tween 20 – 50mT. 

USP1-V: From 0 – 10mT it shows a sharp decay of up to 80% of intensity, from 10 -

50mT the decays continue up to 90%, between 50 – 80mT the decays goes back and 

then drop again in 90mT. 

IBI, ICIII: The intensity decay show the first components removed at 20mT where 

the intensity drops up to 80%, the second component is removed by 50mT by 95% 

of the decay with stable directions from 20 to 50mT.

ICI: Up to 50mT there is a steady decay and shows a plateau from 50 to 80mT giv-

ing stable directions. 
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2B: The intensity decay and the direction show three components, the first compo-

nent decaying from 0 to 20 mT (78%), the second component till 30 mT and the 

third component 50 mT with 95% of the decay. 

3A: The 85% of the intensity decays sharply from 0 – 10 mT followed by 90% de-

cay till 30 mT. 

3B: The first component was sharply decays by 10 mT and is followed by further 

decay of 85% till 20 mT showing stable directions.

4AI, 4BI: Up to 50% of the intensity is sharply decayed till 10 mT. This follows 

another component decaying 70% between10 - 40 mT.

5DI, 5A: About 60% of the intensity decays from 0 – 10 mT up to 60%, with the rest 

of it decaying smoothly till 50 mT (90%), showing the component passing towards 

the origin.

6CI: The direction and intensity decay shows two components, the first decaying 

from 0 – 10 mT (60%), followed by 95% till 30 mT showing consistent directions. 

7AIII: The 80% of intensity drops by 10 mT and continue with little changes in di-

rection till 20 mT decays up to 90%. Then it rises back with noisy directions. 

7BI: From 0 – 20 mT a soft component is decayed with intensity drop of 50%. 

Overall both the thermal and af demagnetizations have shown good results 

for the Sairang section. Majority of the samples have shown the relatively soft sec-

ondary component removed at <25 mT or <2500C. Other, relatively strong secon-

dary component is seen only in 30-40% of the samples and is demagnetized below 

50 mT or 4000C. The alternating field demagnetization above 70 mT or the thermal 

demagnetization >4000C is successful in getting the ChRM directions for these sam-

ples. Some of the samples have shown increase in susceptibilities during 7000C due 

to incessant heating in the complete spectrum of the thermal demagnetization. The 

present analysis shows that single or double steps of heating in the range 500-600 

with holding times below 25 minutes can give reliable vectors of ChRM nature by 

cleaning the secondary components. So also the steps 80-90 mT in the a.f. demag-

netization can safely reveal the ChRM directions for these samples.
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Total specimens (3-7) from each site with discarding of the specimens that 

have shown scattered directions were used further to calculate the mean directions. 

The mean directions from the respective sites are further subjected to bedding/tilt 

corrections. The further calculation shows the magnetic polarity based on the decli-

nation, inclination and VGP values of the cleaned and bedding corrected samples. 

The detailed calculations are providing the final results and polarity sequence of the 

GPTS correlation.

Table 5.6 : Magnetostratigraphic elements and parameter of tests significances for 
the Sairang section.

Site
Height

(m)
Dm Im a-95 k n l-P f-P dp dm

Palaeo-
latitute

USP1 450 162 41 5 11 6 -43 99 6 4 23

USP1-1 430 237 76 3 33 3 2 50 5 4 43

USP1-2 406 220 58 2 56 3 -19 45 3 2 27

USP1-3 345 92 6 2 57 3 2 171 2 1 11

USP2 330 25 13 7 11 4 67 214 7 4 10

USP2-2 308 106 16 2 43 3 -8 158 2 1 19

USP3 286 203 28 1 95 5 -44 48 1 1 11

USP3-3 274 100 28 5 19 3 2 153 6 4 27

USP4 266 228 -2 4 17 5 -44 13 4 2 -9

USP5 227 225 8 6 13 4 -42 20 6 3 -4

USP14 220 230 22 7 15 3 -33 23 7 4 3

USP13 217 139 16 1 99 3 -40 139 1 1 13

USP12 205 135 19 5 21 3 -37 141 5 3 14

USP11 197 123 2 2 55 3 -29 160 2 1 7

USP10 191 97 37 1 92 3 -1 145 1 1 34

USP9 172 27 59 0.6 146 3 60 83 1 1 53

USP8 148 125 15 0.2 416 3 -30 151 1 1 12

7A 82 248 13 6 10 5 -22 6 6 3 -6

6A 63 200 68 33 2 5 -25 56 44 29 30

5A 44 108 38 2 21 6 -4 148 3 2 29

4A 30 61 38 5 12 5 41 165 6 4 27

3A 21 191 -6 10 8 4 -68 65 10 5 -4

2A 14 75 17 6 12 4 24 170 7 4 20

1A 3 90 13 3 14 8 6 167 3 2 17
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Fig. 5.6 (A) : Zijderveld plots and corresponding intensity decay curves of represen-
tative Samples depicting the vector behavior during alternating field demagnetiza-

tion.
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Fig. 5.6 (B) : Zijderveld plots and corresponding intensity decay curves of represen-
tative Samples depicting the vector behavior during alternating field demagnetiza-

tion.
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Fig. 5.6 (C) : Zijderveld plots and corresponding intensity decay curves of represen-
tative Samples depicting the vector behavior during alternating field demagnetiza-

tion.
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Fig. 5.6 (D) : Zijderveld plots and corresponding intensity decay curves of represen-
tative Samples depicting the vector behavior during alternating field demagnetiza-

tion.
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Fig. 5.6 (E) : Zijderveld plots and corresponding intensity decay curves of represen-
tative Samples depicting the vector behavior during alternating field demagnetiza-
tion.
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Fig. 5.6 (F) : Zijderveld plots and corresponding intensity decay curves of represen-
tative Samples depicting the vector behavior during alternating field demagnetiza-

tion.
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Fig. 5.6 (G) : Zijderveld plots and corresponding intensity decay curves of represen-
tative Samples depicting the vector behavior during alternating field demagnetiza-

tion.
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Fig. 5.6 (H) : Zijderveld plots and corresponding intensity decay curves of represen-
tative Samples depicting the vector behavior during alternating field demagnetiza-

tion.
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5.3.3.3 Magnetic polarity reconstruction of Sairang Section

The site mean direction (after bedding/tilt correction), resultant vector (R), 

precision parameter (k), angular dispersion (s), confidence limit (α-95) for each site 

is summarized in table 5.6. The mean directions after tilt correction improve cluster-

ing and satisfactory antipodality (within 5%) for the mean normal and reversal. Fi-

nally, the VGP latitude for each horizon was plotted against the measured litho-

column to reconstruct the local magnetic reversal pattern (Fig. 5.7). 

Fig. 5.7 : VGP latitudes and magnetic polarity correlation to GPTS (Cande and 
Kent,1995) for the Sairang Section, Aizawl.

The positive and negative values for the VGP latitude indicate respective 

normal and reverse polarity for the recorded geomagnetic fields. These magnetic re-

versals have been correlated with Geomagnetic Polarity Time Scale (GPTS) of 

Cande and Kent (1995) based upon matching of the local polarity pattern with the 

GPTS. The Sairang section contain fossiliferous bed at 230 m bearing selachian fish 
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teeth, decapods and foraminifera which belong to Late Miocene age (Victor et al.,

2009, 2011). In magnetic polarity this bed falls in the reversal pattern of GPTS 

(C4Ar.2r) (9.580 - 9.308 Ma). This has been taken as the basis for the correlation. 

Rai (Personal Communication, 2011) also recovered a nanno fossil assemblage of 

early Late Miocene age from this fossiliferous horizon.

A total of 4 normal magneto-zones have been obtained for the Sairang section (Fig. 

5.7, Table 5.7). Thus, the GPTS correlated ages of the Sairang section falls between 

~9.8 Ma to ~8.3 Ma. It estimates a total of ~1.5 Ma duration for the accumulation of 

460 m thick sedimentary pile in this section. 

Table 5.7: Normal polarity events of Sairang section.

5.4 SEDIMENT ACCUMULATION RATE (SAR)

The variability in rates of sediment accumulation in any part of the basin is 

genetically linked to the basin evolutionary process. The magnetostratigraphic data 

provide a good means of finding out the SAR at any given point by the age point ex-

trapolation curve. The SAR curves also provide a validity and check for successful 

correlation to GPTS by displaying justifiable rates for the given sequence. If the cor-

relation is wrong it produces anomalous and unexpected rates of sedimentation thus 

defying the age correlation for the given section. The variation in rates of sedimenta-

tion and its implications to sedimentologic changes for individual section is pre-

sented below.

S.N. GPTS Events Duration (Ma) Stratigraphic level (m)

1 Top of C5n.1n 9.740      14

2 C4Ar.2n 9.580   – 9.642   (0.062) 28 to 44

3 C4Ar.1n 9.230   – 9.308   (0.078) 152 to 191

4 C4.An 8.699  – 9.025   (0.326) 309 to 349
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5.4.1 Bawngkawn Durtlang section 

Sediments accumulation rates in cm/ka have been estimated from the dura-

tion of the events (seven normal and seven reverse) that are obtained after successful 

correlation with the GPTS. The SAR for the corresponding events obtained from the 

MPTS of the Bawngkawn – Durtlang section is shown in the figure 5.8. The average 

sediment accumulation rate for this section is ~ 8.48 cm/Ka. An account of the varia-

tion in the rate of sedimentation has been produced in the table 5.8. Overall the SAR 

is higher at the lower part of the section with a spike of 17.9 cm/ka at <21 Ma. There 

is a drop in SAR (2.1 cm/ka) around 18 Ma that gradually reaches to 12.5 cm/ka at 

around 17 Ma. The interval of drop in SAR to 2.1 cm/ka at 18 Ma possibly suggest a 

hiatus that needs to be attested with basin wide study on more sections. SAR is in-

creasing in the Sandstone, while its drops in the siltstone and shale. Since there is no 

control of reversal after 16 Ma the preceding rate has been extrapolated to the top of 

the section (at 560 m) to get an approximate age of > 15.16 Ma.

Fig. 5.8 : Estimation rate of sedimentation in the Bawngkawn-Durtlang section 
(Middle Bhuban, Surma Group), Aizawl. Number shown on the curve are rate in cm/
ka.
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Table 5.8: Estimate of sedimentation rate using magnetostratigraphic ages from 
the BD section

5.4.2 Tuirial section

The SAR for the Tuirial section (Fig. 5.9) varies from 22 cm/ka to 46 cm/

Ka with a hiatus in the middle part of the section. An account of the variation in the 

rate of sedimentation has been produced in table 5.9. Overall the SAR is lower in the 

lower part of the section with a spike of 22.6 cm/ka at <11.5 Ma. There is an in-

crease in SAR around 10 Ma gradually reaching to a value of 25.2 cm/ka. The inter-

val of rise in SAR to 39.2 cm/ka at around 9.5 Ma suggest a possible hiatus. Then it 

continues to increase and shows a value of 46 cm/ka at around 9 Ma. The rate can be 

observed as 35.1 cm/ka with its extrapolation to the top of the section at 1355 m. The 

SAR thus almost doubles at around ~9 Ma at ~1050 m where a facies change is ob-

served from the turbidite like sequence to massive sand bodies suggesting a major 

change in depositional environments from shallow marine to pro-delta conditions. 

Events Duration (Ma) Thickness (m) Rate (cm/ka)

C6AAn 21.768 – 21.859 (0.091) 4 4.4

C6Ar 21.320 – 21.768 (0.448) 10 2.23

C6An.2n 20.996 - 21.320  (0.324) 31 9.6

C6An.1r 20.725 – 20.996 (0.271) 48.5 17.9

C6An.1n 20.518 – 20.725 (0.207) 18.5 8.94

C6r 20.131 – 20.518 (0.387) 34 8.8

C6n 19.048 – 20.131 (1.083) 120 11.08

C5Er 18.781 – 19.048 (0.267) 23 8.6

C5En 18.281 – 18.781 (0.500) 17 3.4

C5Dr 17.615 – 18.281 (0.666) 14 2.1

C5Dn 17.277 – 17.615 (0.338) 20 5.91

C5Cr 16.726 – 17.277 (0.551) 37 6.71

C5Cn 16.014 – 16.726 (0.712) 89 12.5

C5Br 15.155 – 16.014 (0.859) 94 11



131

Fig. 5.9: Estimation rate of sedimentation in the Tuirial section (Upper Bhuban, 
Surma Group), Aizawl. Numbers shown on the curve are rate in cm/ka.

Table 5.9: Estimate of sedimentation rate using magnetostratigraphic ages from 
the Tuirial section.

GPTS Events Duration (Ma) Thickness (m) Rate (cm/ka)

Top C5An.1n 11.935 218

C5r.3r – C5r.2r 11.935 – 11.099 (0.836) 218 – 407  (189) 22.6

C5r.1n – C5n.1n 11.099 – 9.740 (1.359) 407 – 750  (343) 25.2

C4Ar.3r – C4Ar.2r 9.740 – 9.025 (0.715) 750 – 1030  (280) 39.2

C4An 9.025 – 8.699 (0.326) 1030 – 1180  (150) 46

C4Ar.2r 8.699 – 8.257 (0.442) 1180 – 1335  (155) 35.1
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5.3.3 Sairang section

The Sairang section SAR (Fig. 5.10) account of the variation in the rate of 

sedimentation (Table 5.10) from 18 to 42 cm/ka. In the lower part it shows a value of 

18.75 cm/ka around 9.6 Ma, then suddenly its rise to more than double value of 42 

cm/ka at around ~9.4 Ma, and further drops to 29.76 cm/ka. These abrupt changes in 

SAR observe the changes in facies from the intertidal dominant sequence to massive 

sand bodies suggesting a major change in depositional environments from shallow 

marine to pro-delta facies as seen in the Tuirial section. 

Fig. 5.10: Estimation rate of sedimentation in the Sairang section (Upper Bhuban, 
Surma Group), Aizawl. Numbers shown on the curve are rate in cm/ka.
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Table 5.10: Estimate of sedimentation rate using magnetostratigraphic ages from the 
Sairang section

5.3.4 SAR Summary

A change in Sediment Accumulation Rates (SAR) is one of the most sig-

nificant information on basin tectonic inferences using magnetostratigraphic data. 

However its correlation needs a careful examination since the SAR can vary with 

location (distal to proximal) tectonic setting or any other local influence for the 

given section within basin. The deposits of the Bawngkawn – Durtlang section of 

Middle Bhuban shows a slow sediment deposition, while the Upper Bhuban units of 

Tuirial and Sairang sections are comparatively high. In both sections around 9 Ma 

the sedimentation shows greater fluctuations from low to high. SAR results and 

lithology are changing simultaneously, when the sandstone dominance the SAR is 

higher, while the finer grains siltstone and shale dominant the rate become less.

Table 5.11: Comparison of SAR summary in the study sections.

GPTS Events Duration (Ma) Thickness (m) Rate (cm/ka)

Top C5n.1n 9.740 14

C4Ar.3r – C4Ar.2n 9.740 – 9.580 (0.160) 14 – 44 (30) 18.75

C4Ar.2r – C4Ar.1n 9.580 – 9.230 (0.350) 44 -191 (147) 42

C4Ar.1r – C4An 9.230 – 8.699 (0.531) 191 – 349 (158) 29.76

BD Section Tuirial Section Sairang Section 

Average rate of sedimentation 8.48 cm/ka 33.6 cm/ka 30.17 cm/ka 

Peak of sedimentation 17.9 cm/ka 46 cm/ka 42 cm/ka 

Lowest rate of sedimentation 2.1 cm/ka 22.6 cm/ka 18.75 cm/ka

Thickness of sedimentation 560 m 1355 m 460 m

Duration of sedimentation ~ 6.6 Ma ~ 4 Ma ~ 1.2 Ma

Magnitude of sedimentation Moderate moderate moderate

Depositional environment 
Tidal shelf 

region 
Shallow marine 

to pro-delta 
Shallow marine 

to pro-delta 
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5.5 REGIONAL STRATIGRAPHIC CORRELATION

Bawngkawn – Durtlang, Tuirial and Sairang sections form the limbs of major 

aniclinal structure in this region and are few kilometers radius covering an area of 

about 350 sq km (Fig. 5.11) ideally allowing for their regional stratigraphic correla-

tion. Majority of the Tuirial and Sairang sections comprises of Upper Bhuban unit 

while the Bawngkawn – Durtlang section belongs to Middle unit of Bhuban Forma-

tion. 

The Middle Bhuban unit correlations are made based on the presence of the 

long normal polarity zone Chron C6n (19.048 -20.131 Ma, Cande and Kent, 1995). 

The section comprises some fossiliferous bed with bivalve fossils and trace fossil, 

belonging to Miocene ( Victor et al., 2009., Tiwari 1992). After correlating C6n the 

rest of the section correctly matches with the GPTS pattern. The sediment accumula-

tion rates also justify the lithostratigraphy as trustworthy matching.

Fig. 5.11: Magnetic polarity pattern of the studied section in the study area.
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The Sairang section contain fossiliferous bed at 230 m bearing selachian fish 

teeth, decapods and foraminifera which belong to late Miocene age (Victor et al.,

2009, 2011). In magnetic polarity this bed falls in the reversal pattern of GPTS 

(C4Ar.2r) 9.308 to 9.580 Ma. The fossiliferous beds are also exposed in the Tuirial 

section showing long range mega fossils roughly of Middle to Late Miocene age. 

Previous biostratigraphic work assigned Middle to Late Miocene age for the Upper 

Bhuban formations of Mizoram (Ganguly, 1975, 1993; Mandaokar, 2000; Tiwari, 

2001; Jauhri et al., 2003). The Tuirial and Sairang sections can therefore be matched 

with the GPTS pattern existing in Late Miocene period of the GPTS. This resulted in 

the identification of GPTS chrons in Tuirial section as C5An.1n (~ 12 Ma) to C4r.1n 

(~ 8.2 Ma) Sairang section as C5n.1n (~ 9.8 Ma) to C4r.2r (~ 8.4 Ma). 

If the above correlations of the Middle and Upper Bhuban unit are correct, a 

correlative gap of ~3 Myr is present between the top of the Bawngkawn –Durtlang 

section of Middle Bhuban unit and the base of the Tuirial section in Upper Bhuban 

unit. However, we emphasize that this is not evidence for an unconformity because 

the two units are not exposed in a single continuous section in the study area. 

The sampling for Tuirial section covers the basal part of the Upper Bhuban 

unit, while the Bawngkawn – Durtlang section is sampled around the top of the Mid-

dle Bhuban unit. Therefore the regional correlation suggests that the age of the Mid-

dle to Upper Bhuban transition falls around 13.5±0.5 Ma (Fig. 5.12). 
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Fig. 5.12: Regional correlation of VGP latitudes and magnetic polarity correlation to 
GPTS (Cande and Kent,1995) for the Study Section, Aizawl.
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Chapter 6

MAGNETOSTRATIGRAPHIC CORRELATION: 
IMPLICATION TO LATE MIOCENE EVOLU-
TIONARY HISTORY OF THE SURMA BASIN

6.1 INTRODUCTION

Magnetostratigraphy provides one of the most useful tools in stratigraphy 

that uniquely produces the age estimation along with lateral correlation of rock 

strata. Silt and mud being the most suitable datable materials for magnetostratigra-

phy, the marine sequences of the Surma makes it ideal strata. Further the low vari-

ability (fairly unimodal magnetic mineralogy) and abundance of SSD grains in the 

Bhuban lithology (present work) makes it to deduce some of the reliable results of 

magnetostratigraphy. All the three sections have shown the alternation of sandstone-

silt-mud alternations allowing sufficiently close interval sampling to produce some 

of the reliable results. All the three sections have shown the Middle-Late Miocene 

ages and is in general agreement with the earlier stratigraphic information. As elabo-

rated in previous chapters, the previous information did not produce definite ages 

due to limits in the bio- and lithostratigraphic approach. This final chapter therefore 

correlates all the three studied sections to attempt the evolutionary history in this part 

of the Surma basin.

6.2 INTEGRATION OF LITHO-, BIO- AND MAGNETO-

STRATIGRAPHY

The geomagnetic polarity reversals are globally synchronous; their records 

represent "absolute" time planes in sedimentary sequences which can provide a ro-

bust stratigraphic correlation framework. Individual normal and reverse polarity in-

tervals ("Chrons") can range from ~10 thousand to 10 million years in duration (e.g. 

Cox, 1973; McDougall, 1979; Cande and Kent, 1995).

Magnetostratigraphy uses normal and reversal records preserved in sedimen-

tary sequences and construct a stratigraphic succession called magnetic polarity 
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times scale (MPTS). Further, the time range is determined for the each normal and 

reversal chrons and sub-chrons of the MPTS by correlating with the GPTS. However 

the patterns alone do not infact fully yield the ages and needs to be benchmarked by 

other methods. The description of rock units as facies and its lateral correlation is 

made by the lithostratigraphic approach which poses limitations to long distance cor-

relations due to lateral lithofacies variations in the dynamic basin systems like the 

Surma basin. The biostratigraphy is wholly dependent upon occurrence, abundance 

and span of fossils and is therefore limited to these factors for correlation purpose. 

Considering the advantage and limitations of these methods, it is essential to inte-

grate all the stratigraphic data to get information about the given dataset. The fossils 

present in the stratigraphic successions can be assigned for the globally standard fos-

sils zones further correlate with the GPTS (Fig 6.3). Therefore this chapter presents 

the integration of the produced and available information in this part of the basin in 

order to infer the basin evolutionary changes.

6.2.1 Bawngkawn – Durtlang (BD) Section

In this section the base corresponds with the base of foraminiferal zone N5 

(N=Neogene). There is a general coarsening up of lithology from shale to siltstone 

and fine-medium grained sandstone. The lowermost identified chron corresponds to 

C6AAn (21.76 Ma to 21.85 Ma) and the lower part of the nanno zone NN2 (Rai, 

2011). This zone shows majority of fine grained facies with turbidite like alterna-

tions of centimetre scale silt and mud layers. The rate of sedimentation in this part 

shows prodelta and interdistributory depositional framework. Further the polarity 

zone C6n (19.04 to 20.13 Ma) corresponds to the nanno zone N5 from 146 to 266 m 

of the section. The fining and coarsening up cycles during this interval (C6n ~19 

Ma) indicate an interplay of regressive and transgressive regimes. The N5 of fo-

raminiferal zone is overlain by N6 correlating with C5En (18.78 Ma) to C5Dn 

(17.27Ma) covering the stratigraphic interval from 266 m to 330 m showing fining 

upward sand dominant interval of regressive phase. This level corresponds to the 

Nanno zone NN3. The N7 foraminiferal zone occurs within the C5Cn (~16 Ma) and 

is equivalent to the Nanno zone NN4. This interval suggests prodelta sedimentation 

under prograding front and rising base levels during 330 m to 460 m. The top part of 
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the section from 460 m to 565 m results a reverse polarity in the chron C5Br (~15 

Ma), and correspond to the top part of the foraminiferal zone N8 and also the top of 

the NN5. Thus the studied section may be assigned and Early Miocene age to the 

lower part of Middle Miocene.

6.2.2 Tuirial and Sairang Sections

Sairang section is the counter part of the Tuirial section in the Aizawl anti-

cline with western and eastern limbs respectively mainly displaying the Upper Bhu-

ban unit of Bhuban Formation. The Sairang section overlaps with the upper half of 

the Tuirial section. Therefore both these sections are combined for the purpose of 

integrated lithologic and magnetostratigraphic inferences.

The basal part of the Tuirial section correspond to the foraminiferal zone 

N12 and the Nanno zone NN7 within the chron C5An.2n. The lithology shown by 

this zone is silty-sandstone within a coarsening upward transgressive regime. The 

overlying lithology up to 280 m is dominantly sandstone, siltstone, shale and its ad-

mixture. The lower part of this unit shows a transgressive sequence while the upper 

part is mostly regressive.  This lithology occurs in between the magnetic polarity 

chron C5An.1n and C5r.2n corresponding to the middle part of N13 and top part of 

the NN7. Above this interval and up to the 750 m level there is alternation of silt and 

sand with coarsening up sand dominated sequence under transgressive phase. The 

corresponding magnetic polarity covers the chrons C5r.1n and C5n.2n correlating 

with the foraminifers zones N13 to N 16, and the Nanno zone NN7 till the lower part 

of NN9. The top part of this level is correlated with the base of the Sairang section.

The base of the Sairang section shows a 14 m thick package of silt and silty-

sandstone of coarsening upward nature. It correlates with the lower part of fo-

raminiferal zone N16 and partly the Nanno zone NN9. The overlying lithology in 

Sairang section is sandstone, silt and shale with sand dominant units up to 186 m. 

The lower part shows transgressive phase while the upper part is of regressive na-

ture. It can be noted that the counterpart in Tuirial section  contain similar lithologic 

variation as Sairang section. However, the transgressive phase in Sairang section is 

relatively thicker than the Tuirial section and is well reflected in the SAR. In the 

Tuirial section the stratigraphic level up to 1180m comprises a combination of buff 
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Fig. 6.1: Foraminifers zone, Nanno zone and magnetic polarity correlation to GPTS 
(Cande and Kent, 1995) for the Study Sections, Aizawl.
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sandstone, silt and shale with predominance of shale and is similar to that in Sairang 

section. Further, both the sections in this correlated part infer the alternate transgres-

sive and regressive phases. The top parts of these sections have shown similar sand 

dominant lithology. Amongst the two, the Tuirial section is more sandy than Sairang 

section. With the above correlation the Sairang section characteristic lithologic 

change beginning at 460 m level can be correlated with the 1355 m level of Tuirial 

section. The foraminiferal zone is equivalent to more than half of the N16 and 

Nanno zone level top of the NN10. Thus the studied sections may be assigned Mid-

dle Miocene to middle part of Late Miocene ages.

6.3 DEPOSITIONAL ENVIRONMENT

In the present attempt we prepared detailed lithologs, MPTS and SAR for 

these three sections. The sedimentological units were assigned mainly based on fin-

ing and coarsening upward cycles to demarcate the visibly characteristic packages of 

sedimentation, lateral changes and primary sedimentary structures and the deposi-

tional environments have been inferred (Reading, 1982). The sediment accumulation 

when occurs as fining upward cycles ending with intercalations/interbedding of ‘fine 

sand and silt’ or ‘silt and mud’ were assigned  as ‘transgressive units’ (T). On the 

other hand the fining upward sequences encompassing sands and silt terminating 

into massive mudstone (shale) of tidal nature is denoted as the ‘regressive units’ (R). 

The fining upward cycles in the upper part that  end with  laminated silt followed by 

regressive units suggesting prodelta sedimentation under prograding front and rising 

base level are denoted as transitional units (TR). Therefore we compared the inferred 

events of base level changes (Transgressive/Regressive, or both) from both the sec-

tions by matching it to Global Sea Level Curve (GSLC) (Haq et al., 1987, 1988; 

Badekar et al., 2011). 

6.3.1 Depositional Environment of BD Section 

The Bawngkawn - Durtlang measured section shows lithofacies grading 

from alternation of mud and silty mud (at places massive and laminated), alternation 

of silt and fine sand to medium grained sands (See table 3.1 and fig. 3.1). There are 

fining as well as coarsening upward cycles of thicknesses varying from 5 to 30m at 
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sub-unit levels (hemicycles) or 20 to 80 m at unit level. Each fining upward cycle in 

the lower part ends with thick, massive mud of tidal flat nature. While in the upper 

part they end with intercalations of mud and silt, silty mud or sandy silt. Besides this, 

the overall grain size gradually increases towards the top of the section within a 

range and frequency of fine sand to medium grained sand and also by the increase in 

silt content within the mud. The sand body thicknesses and frequency of occurrence 

too show a general upward increasing trend. The coarsening up packages of sedi-

mentation is predominantly represented by the grey sand bodies of massive nature. 

Internally majority of these show fine lenticular mud lamina and sometimes show 

flaser bedding indicating tidal to subtidal transitions within confined continental 

shelf under the influence of base level change. 

Fig. 6.2: Lithofacies comparison with global sea level changes (Haq et al., 1988) for 
of BD section, (A) MPTS , (B) Rate of Sedimentation, (C) Litholog, and (D) 
Eustatic curve with GPTS
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Table 6.1: Inferred depositional Environment of  BD section 

6.3.2 Depositional Environment of Tuirial Section 

The 1355 m thick Tuirial section shows overall coarsening up prograda-

tional trend. In this section the thickness and frequency of the buff sandstone in-

creases upwards. The lower part (0 to 263 m) depicts a gradually prograding se-

quence where the mud becomes silty upwards and is followed by migratory channels 

with intercalating mud in the interdistributary areas within prodelta.  The first ap-

pearance of the buff sandstone in this section occurs at ~263 m level showing ero-

sive/scoured base, mud pellets and coarser grain size. This suggests a sudden change 

in base level followed by few mixed to grey sandstones and mudstones further indi-

cating fluctuations in base level. A sequence of coarsening as well as fining up cy-

cles with basal buff sandstones and increasing upward cycle appear at ~390 m thick-

nesses (up to 4 m) and grain size (fine to medium) suggesting a major regressive 

phase. Middle part of this section shows predominantly sand-shale interbedding in a 

coarsening up fashion with tops of each cycle showing grey sand. The basal and 

Unit Phase Thickness (m) Inferred Depositional Environment

1 T 0 - 68 Transitional intertidal to sub-tidal environments.

2 R 68 - 120 Tidal flat sedimentation. 

3 T 120 - 180 Tidal inlets.

4 T 180 - 200 Intertidal, subtidal to estuarine environments.

5 R 200 - 240 Mud flat.   

6 R 240 - 338 Intertidal to mud flat.

7 TR 338 - 400 Intertidal to mud flat fluctuation.

8 TR 400 - 442 Intermixed subtidal.

9 TR 442 - 478 Tidal flats

10 T 478 - 522 Subtidal to prodelta.

11 TR 522 - 565 Shelfal silt sedimentation, with tidal processes. 
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middle part of the section shows delta formation and its progradation. The buff sand-

stones in this part occur as small regressive phases with variable thicknesses and fre-

quency compared to the gray sandstones. Intermediate sandstone (intermixed buff 

and grey sand) appears at ~1170 m. These sandstones internally show fine lenticular 

(discontinuous but parallel) mud layers similar to the grey sandstone. However in the 

basal part they show physical mixing (pseudo-conglomeratic) of the grey and buff 

indicating aqueous prodelta mixing of the two. This is followed by alternation of 

grey and buff sandstones that further grades into second major regressive phase with 

appearance of thick buff sandstone.

Fig. 6.3: Lithofacies comparison with global sea level changes (Haq et al., 1988) for 
of Tuirial section, (A) MPTS , (B) Rate of Sedimentation, (C) Litholog, and (D) 
Eustatic curve with GPTS
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Table 6.2: The Depositional Environment of Tuirial Section 

6.3.3 Depositional Environment of Sairang Section 

The 460 m thick Sairang section shows overall coarsening up prograda-

tional trend. In this section the thickness and frequency of the grey sandstone in-

creases upwards. The lower part (0 to 263 m) depict a gradually prograding sequence 

where the mud becomes silty upwards and is followed by migratory channels with 

intercalating mud in the interdistributary areas within prodelta. At the sandstone 

basal part showing erosive/scoured base, mud pellets and coarser grain size. This 

Unit Phase Thickness (m) Inferred Depositional Environment

1-6 T 0 - 49 Intertidal to Sub-tidal

7-10 T 49 – 144 Sequence indicates deepening of basin (or sea level rise)

11-13 T 144 – 226 Tidal flat – sedimentation with bioturbation

14 R 226 – 257 Lowering of sea level or hinterland uplift

15-19 TR 257 – 480 Transgressive phase

20-23 T 480 – 567 Tidal –Intertidal – shore face, Prograding delta front.

24 R 567 – 615 Estuarine environment

25-26 TR 615 – 663 Interdistributary channels in prodelta fan sequence

27-28 R 663 - 700 Estuarine to Delta

29 T 700 - 802 Delta front lobe

30 R 802 – 832 Rapid deposition in estuarine delta floor

31 T 832 – 853 Delta front and interdistributary

32-36 T 853 – 995 Intertidal

37-38 R 995 – 1072 Interdistributary channel

39-40 TR 1072 – 1105 Interdistributary channel with prodelta

41-42 R 1105 – 1159 Prodelta to Intertidal

43-44 T 1159 – 1207 Estuarine to tidal flat

45-46 T 1207 – 1318 Estuarine to tidal flat

47-48 R 1318 - 1355 Estuarine
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suggests a sudden change in base level followed by few mixed to grey sandstones 

and mudstones further indicating fluctuations in base level. A sequence of coarsen-

ing as well as fining up cycles with basal grey sandstones and increasing upward cy-

cle appear at ~390 m thicknesses (up to 4m) and grain size (fine to medium) suggest-

ing a major transgressive phase. Middle part of this section shows predominantly 

sand-silt interbedding in a coarsening up fashion with tops of each cycle showing 

grey sand.

Fig. 6.4: Lithofacies comparison with global sea level changes (Haq et al., 1988) for 
of Sairang section, (A) MPTS , (B) Rate of Sedimentation, (C) Litholog, and (D) 
Eustatic curve with GPTS.

The basal and middle part of the section shows delta formation and it’s pro-

gradation. The buff sandstones in this part occur as small regressive phases with less 

thicknesses and frequency compared to the grey sandstones, these sandstones inter-

nally show fine lenticular (discontinuous but parallel) mud layers. However the basal 
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part shows intraformational-conglomerate of the grey sandstone indicating aqueous 

prodelta. This is followed by alternation of grey and buff sandstones that further 

grades into second major transgressive phase with appearance of thick grey sand-

stone. 

Table 6.3.  Inferred Depositional environment of Sairang  Section. 

6.4 MAGNETOSTRATIGRAPHY AND SEDIMENTATION 

HISTORY

Abrupt changes in the slope of a sediment accumulation curve are com-

monly taken to indicate the timing of major thrusting events, basin subsidence or up-

lifts (Burbank et al., 1996). In the Himalayan foreland basin, the rate of sediment 

accumulation has been successfully used as accurate proxy to demarcate the thrust 

activity and reactivations, events of rapid or slow subsidence several changes related 

to depocentre migrations (Burbank et al., 1996; Sangode et al., 1999, 2002; Dickin-

Unit
Phas

e

Thickness 

(m)
Inferred Depositional Environment

1-3 T,TR 0 – 67 Shelfal silt sedimentation, with tidal processes.

4 R 67 – 74 Prograding delta front.

5 T 74 – 103 Intertidal to rapid deposition in estuarine delta floor

6-8 R 103 - 196 Delta slope.

9-10 T,TR 103 - 235 Interdistributary channels in prodelta fan sequence

11 R 235 – 262 Prograding delta front.

12-13 T 262 – 281 Interdistributary channel

14 R 281 – 298 Estuarine

15 TR 298 – 327 Delta front and interdistributary Prodelta to Intertidal

16-18 R 327 – 448 Interdistributary channel with prodelta

19 T 448 – 460 Estuarine to tidal flat
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The rates of sediment accumulation in the present data for the Bhuban for-

mations are in well agreement with the foredeep depozones in foreland basin sys-

tems (10-60 cm/yr), and are similar to that of the Himalayan foreland basin (Burbank 

et al., 1996; Sangode et al., 1999). All the variations in the derived sediment accu-

mulation rates in the present study exhibits upward concavity (Fig. 6.4), as expected 

for increasing accumulation rates in response to migration of an upward convex ex-

ponential flexural profile. At least one abrupt increase in sediment accumulation rate 

is observed in Tuirial and Sairang sections but Bawngkawn-Durtlang section the 

curve is almost linear. The major enhancement in SAR occurring at 9.6 to 9.8 Ma 

shows a trends by a 55.56% in Tuirial and 224% in the Sairang section. This major 

trend in SAR in short distance of the folded basin suggests dynamic basin morphol-

ogy and style of sedimentation for the Surma basin in Mizoram area. 

6.5 LATE MIOCENE EVOLUTION OF THE SURMA BASIN

The physiographic features of India were shaped during the Cenozoic time 

which began with the outburst of lava flows over the Indian Peninsula, marine trans-

gression over the northwestern Peninsula and tectonic instability in the Himalaya. 

The rise of the Himalayas was accomplished in a series of five or more impulse 

punctuated by intervals of comparative quiescences (Wadia, 1975; Krishnan, 1960;  

Burbank et al., 1996). The first movement took place during the late Cretaceous-

Early Eocene time (Lee and Lawver, 1995; Molnar, 1987). The Tethys Sea was fur-

rowed into longitudinal ridges and basins as a consequence of the first tectonic 

movement of the Himalayan Orogeny (Curray et al., 1982; Molnar, 1987; Hodges et 

al., 1992). The second major upheaval took place during the Late Eocene time when 

the Tethyan Himalayan zone was uplifted as a land mass (Banerji, 1984). The third 

upheaval that took place during Middle Miocene time was the most pronounced of 

all the phase of Himalayan Orogeny (Alam, 1989). Rocks of the Lesser Himalayan 

zone were deformed into broad folds trending parallel to the Himalayan chain of 

mountains. The Middle Miocene upheaval of the Himalaya resulted in the formation 

of a foredeep between the rising Himalaya and the northern edge of the Peninsula. 

The Pliocene – Pleistocene epochs witnessed the fourth phase of the Himalayan up-

heaval resulting in the rise of the Himalayan foothill (Molnar and England, 1990). 



150

The Final and the fifth phase of the Himalayan upheaval took place after the Pleisto-

cene glaciers had receded in to the higher Himalayan region (Frisch et al., 2011). 

The ‘Collision’ of the Indian Plate with the Asian Plate occurred during the 

Early Eocene (Alam, 1989). The collision retarded the pace of the northernly drift of 

the Indian Plate. The drift was resumed at the beginning of the Oligocene with a 

slightly changed direction of translation the Indian Plate begun its rotational move-

ment giving rise to the formation of syntaxial bend at the north-western extremity of 

the Himalayan mountain (Dietz and Holden, 1970). The Arakan Mountains of the 

Eastern India and their continuation into the Andaman–Nicobar Island were also 

formed during the Tertiary diastrophism (Salt et al., 1986). The rocks of the Arakan 

ranges were laid down during Late Cretaceous – Tertiary time in a sedimentary basin 

that was formed by the closing of the Indian and Burmese Plate. Six phases of dias-

trophic movements having a wide spread impact on the sedimentation pattern have 

been recognised in the Assam-Arakan region (Alam et al., 2003).

The Assam – Arakan mountain belt of the eastern India and its adjoining 

region of Shillong – Mikir plateau (Fig. 2.5) expose a vast thickness of Tertiary and 

Quaternary rocks (Holtrop and Keizer, 1970). The thicknesses of individual strati-

graphic units vary in different areas of the region. Larger thicknesses are generally 

observed in the geosynclinals areas of the Arakan mountains (Nandy, 1986). Some 

stratigraphic units having conformable relationship with the overlying and underly-

ing units in the geosynclinals part of the region have unconformable contact in the 

shelf areas of Assam and Shillong plateau (Alam et al., 2003). The Cenozoic rocks 

of the region were laid over a basement comprising Precambrian rocks and Lower 

Gondwana sediment. The basement in the core of the Arakan mountain is believed to 

include the representative of Upper Triassic.

The Miocene succession of the region has been sub-divided into Surma and 

Tipam Groups. The succession is exposed in a large area extending southward from 

the centre of the Kohima syncline through Surma Valley, Tripura and Chittagong to 

Arakan mountains of Myanmar. Thickness of the Surma Group varies from 2700 m 

to over 3900 m in various wells in Bangladesh (Allam et al., 2003), which is in good 

concurrence with the thickness of 2800–3250 m in the Naga Hills to the east (Rao, 



151

1983). Johnson and Alam (1991) have interpreted the lower Surma Group (i.e. Bhu-

ban Formation) as prodelta and delta-front deposits of a mud-rich delta system simi-

lar to the modern Bengal delta. The sediments of the upper Surma Group (i.e. Boka 

Bil Formation) represent deposits of sub-aerial to brackish environments, based on 

mud rocks and pollen types (Holtrop and Keizer, 1970). Alderson (1991) noted ma-

rine influence within the Boka Bil Formation in eastern Sylhet Trough. On the basis 

of detailed facies analysis of core samples and wire line log interpretation, Alam 

(1995b) envisaged a micro-tidal coastal setting with extensive development of inter-

tidal and sub-tidal environments within a proto-Surma delta embayment, for the 

Surma Group sediments in the Sylhet Trough. Similarly, on the basis of comprehen-

sive logging of the core samples from the Sylhet Trough, Sultana and Alam (2001) 

have interpreted the sediment of the group as deposits of environments ranging from 

shallow marine to tide-dominated coastal settings within a cyclic transgressive–

regressive regime.

Fig. 6.6: Schematic cross-sectional profile Chittagong-Tripura fold belt and IBR, 
showing the structural elements and development of Neogene accretionary prism 
complex. (after Sikder and Alam, 2003).

Sedimentological aspects of Cenozoic succession of varied depositional en-

vironment from Himalayan region are fairly well studied. Such studies in the Tripura 

– Mizoram accretionary belt are however meagre. Holtrop and Keizer (1969) made 
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an attempt to classify and sub-divide the Surma sediments occurring below the 

Bangladesh Alluvial Plain by sand/shale ratio. Sinha and Sastry (1972) analysed the 

heavy minerals from the exposed Surma rocks of Cachar and Tripura Hills with a 

view to classify and sub-divide them. Detailed study on these aspects is however re-

quired for evolving any meaningful scheme of classification of Surma rocks. More 

recently, Uddin and Lundberg (1998) carried out detailed heavy mineral study of 

Surma sediments from the Bengal basin and concluded that Surma sediments had an 

orogenic source both from the Eastern Himalayan region and Indo-Burman ranges. 

As such detailed sedimentological study of Bhuban sequence of Tripura-Mizoram 

accretionary belt is highly desirable.

It is obvious therefore from the above that the evolution of the Surma basin 

is not yet fully understood. The results obtained in the present study from three sec-

tions of Bawngkawn-Durtlang, Tuirial and Sairang  are not sufficient enough to rep-

resent whole Surma basin.  Nevertheless from the magnetostratigraphic and sedi-

mentation results in these sections we predict that the basin subsidence or the tec-

tonic upliftment was occurring during the Late Miocene period during the evolution 

of the Surma basin.



153

Chapter 7

SUMMARY AND CONCLUSION

Prologue

The northeastern region of India (22º – 28º N; 90º – 96º E) represents one of 

the thickest sedimentary basins on the globe. The basin preserves nearly 13 km thick 

Mesozoic and Cenozoic sedimentation with the latter covering about 70% of it in the 

northeastern India. The basin occupies special significance in Indian Geology in 

terms of its tectonic evolution, and is also well known for its oil and natural gas re-

sources all over the world. Study of evolution of this basin primarily requires estab-

lishment of high-resolution stratigraphy and correlation of the exposed sequences 

within the basin. The sediments of the basin are characterized by two distinct facies; 

the shelf and the basinal, which are more conspicuous in the Palaeogene succession 

than in the Neogene. The sediments representing the basinal facies are developed in 

the Naga Hills, parts of North Cachar Hills, Manipur, Surma Valley of South Ca-

char, Tripura and Mizoram. The shelf deposits are characterized by sufficient faunal 

control and distinctive rock types. These have yielded foraminifers and other micro-

fossils which are excellent time markers and are helpful in resolving stratigraphic 

problems. Hence, regional stratigraphy of shelf facies rocks has been fairly well es-

tablished. Basinal sediments, on the other hand, lack in the reliable criteria for strati-

graphic correlation, such as age-diagnostic fauna and marker horizons. Moreover, 

they show limited variety of rock types and widespread lateral litho-facies variations. 

Hence, the regional stratigraphy of these sediments is yet to be established. 

Understanding the tectonic setting of a basin is a necessary pre-requisite to 

understand the palaeogeographic and sedimentation patterns of that region. Better 

understanding of these aspects in a sedimentary terrain is essentially dependent upon 

knowing the stratigraphy with chronologic controls.

The regional geological setup of the study area is formed by the 2500 long, 

300 km wide east-west Himalaya and the 1500 km long 230 km  wide north-south 

belt of the Indo-Burman ranges formed as India collided with Eurasia and the Bur-
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mese platelet. Mizoram exposes huge thickness of Tertiary sequences of the order of 

~ 8000 m. This succession has been grouped into the Barail, the Surma and the Ti-

pam Groups.  Geologically it is considered as the southern extension of Surma basin.

Regardless of good exposure of Tertiary succession in Mizoram, detailed 

geological investigations are still scanty and are not sufficient for reconstructing the 

geological history of the area. Thus, there is a need for more comprehensive geologi-

cal studies to fill up the gaps. For instance, the criterion used for classifying the 

Surma Group into lower sub-divisions i. e. ratio of arenaceous and argillaceous com-

ponents, at times cannot be applied in the field due to large scale lateral litho-facies 

variations. Lithostratigraphy, therefore may at times become misleading in identify-

ing and correlating the succession locally as well as regionally. Chrono-stratigraphic 

aspects in the Surma basin are not well constrained due to various limitations in bio-

stratigraphy and lithostratigraphy (Tiwari et al., 2007). The better understanding of 

stratigraphy is required for resolving several issues regarding the evolution of the 

Surma basin. Magnetostratigraphy being one of the most successful methods, well 

exercised in the adjoining Himalayan foreland, the present attempt is to explore its 

application and scope in the study area. As such magnetostratigraphy integrated with 

bio- and lithostratigraphic studies may act as problem solving tool.  Realizing this, 

Tiwari (1992) and Tiwari and Kachhara (2003) adopted the palaeontological ap-

proach for identification and correlations (local and regional) of isolated sections of 

Surma succession of Mizoram that needs magneto and lithostratigraphic controls. 

They established five biozones in the Barail and Surma successions of Mizoram. 

Similarly, Mazumder (2004) also carried out biostratigraphic studies in and around 

Kolasib area, Mizoram and proposed two biozones along with two subzones and two 

zonules within the Bhuban Formation. The present work also focuses on the above 

theme with a view to update and supplements the existing palaeontological database 

of the Bhuban Formation of Mizoram. Such an integrated magnetostratigraphic data 

base will provide better interpretation in terms of age, correlation and depositional 

environment of the Surma succession of Mizoram.  

Procedure

Since the magnetic methods principally deal with directions, the samples 

are to be oriented to its natural positions with the compass north. Thus the oriented 
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block samples using standard palaeomagnetic methods (Collinson, 1983) were col-

lected for magnetostratigraphic and the representative rock magnetic study. The sam-

ples were then re-aligned in the laboratory to their field positions and drilled to get 

2.5 cm (dia) x 2.2 cm height cylindrical specimens. Since the study involves both the 

natural and laboratory induced remanence to reveal the ancient magnetic field direc-

tions and intensities, and the magnetic mineralogy; the experiments were made sepa-

rately for both these approaches. Initially the magnetic mineralogy is established 

based on the Isothermal Remanent Magnetization (IRM) and Anhysteretic Rema-

nence Magnetization (ARM) experiments using an Impulse Magnetizer and ARM 

attachment to Alternating Field Demagnetizer (AFD). Magnetic susceptibility was 

measured using the dual frequency magnetic susceptibility meter (MS-2 of Barting-

ton) to find the volume and mass specific susceptibilities and their frequency-

dependence. The magnetostratigraphic analysis was divided into several phases start-

ing with a pilot study on representative samples, followed by collection of more 

samples in first phase. This enabled to decide the demagnetization strategy to reveal 

the reliable directions. During phase II and phase III detailed sampling was done in 

all the sections to build the local polarity pattern. Final phase of sampling was con-

ducted to fill the larger gaps and to check some of the crucial boundaries of the mag-

neto-zones. Magnetostratigraphy uses normal and reversal records preserved in sedi-

mentary sequences and construct a stratigraphic succession called magnetic polarity 

times scale (MPTS). Further, the time range is determined for the each normal and 

reversal chrons and sub-chrons of the MPTS by correlating with the GPTS. However 

the patterns alone do not in fact fully yield the ages and needs to be benchmarked by 

other methods. The description of rock units as facies and its lateral correlation is 

made by the lithostratigraphic approach which poses limitations to long distance cor-

relations due to lateral lithofacies variations in the dynamic basin systems like the 

Surma basin. The biostratigraphy is wholly dependent upon occurrence, abundance 

and span of fossils and is therefore limited to these factors for correlation purpose. 

Considering the advantage and limitations of these methods, it is essential to inte-

grate all the stratigraphic data to get information about the given dataset. The fossils 

present in the stratigraphic successions can be assigned for the globally standard fos-

sils zones further correlate with the GPTS (see Fig. 6.1). 
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Lithostratigraphy

Magnetostratigraphic studies are normally attempted for those sections that 

expose well preserved rock successions. The first of such sections in and around Ai-

zawl city lies on its northern side and forms a part of the eastern limb of the Aizawl 

anticline comprising of Middle Bhuban succession and is named Bawngkawn- Durt-

lang (BD) section. Further to the east of BD section, another thick and well exposed 

section (named Tuirial section) also occurs on the eastern limb of the Aizawl anti-

cline and comprises Upper Bhuban succession. The third section (named Sairang 

section) lies in the western limb of Aizawl anticline and also comprised of Upper 

Bhuban succession. 

The 565 m thick Bawngkawn – Durtlang section, 1355 m thick Tuirial sec-

tion and 460 m thick Sairang section were systematically measured and logged. Geo-

logical map of Mizoram prepared by Ganju (1975) and Nandy et al. (1983) has been 

used as a base map for field work in the study area. Extensive field work was carried 

out along the sections. All the necessary field information was noted over the to-

posheets of the area in order to compile the geological map (see Fig. 1.1), study the 

sedimentologic variations and correlate them. Detailed lithocolumns were prepared 

by measuring each and every bed in the selected section using tape and compass. 

This was followed by the systematic sampling in the representative sections for mag-

netostratigraphic and rock magnetic studies.

565 m thick measured BD section (see Fig. 4.1) has been delineated with 18 

beds, and divided into 11 units. The section shows lithofacies grading from alterna-

tion of shale and silty shale (at places compact and laminated), alternation of silt and 

fine sand to medium grained sands. There are fining as well as coarsening upward 

cycles. Each fining upward cycle in the lower part ends with thick, compact shale, 

while in the upper part they end with intercalations of shale and silt, silty shale or 

sandy silt. Besides, the overall grain size gradually increases towards the top of the 

section within a range and frequency of fine sand to medium grained sand and also 

by the increase in silt content within the shale. The sand body thickness and fre-

quency of occurrence too show a general upward increasing trend. The coarsening 

up packages of sedimentation is predominantly represented by the grey sandy bodies 
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of massive nature. Internally majority of these show fine lenticular shale lamina and 

sometimes show flaser bedding. Tuirial section (see Fig. 4.2) mainly exposes the 

Upper Bhuban succession. This section shows alternations of fine sand, shale and silt 

in the lower part while the upper part becomes fine to medium grained sandstone 

dominant. The lower part is mainly dominated by the grey sandstone and silt while 

the upper part shows intermixing of gray and yellowish brown (buff) sandstones and 

purely buff sandstones at places. Overall the grain size increases from fine silt to me-

dium grained sandstone with occasional coarse grained sandstone towards the top. 

The shales are mainly olive green to grey colored with variants of dark grey, light 

grey to greenish and shows gradation from clayey-silt to silty-clay. A detailed 

litholog has been prepared separately for the three consecutive parts totaling 47 sedi-

mentological units of the section. 460 m thick measured Sairang section (see Fig. 

4.3) lies in the western side of Aizawl city and comprises thick shale, siltstone and 

fine grained sandstone of predominantly grey and buff coloured with few intermedi-

ate colours. A detailed litholog has been prepared separately for the two consecutive 

parts totaling 19 sedimentological units.

Rock Magnetism

Rock magnetic study was conducted to investigate the fundamental con-

stituents of the magnetic minerals in order to judge their suitability for producing 

authentic magnetostratigraphic records. Since Isothermal Remanent Magnetization 

(IRM) is the most routine method, samples were subjected to generate IRM spectra 

of remanence hysteresis (see Fig. 5.1). The uniform nature of IRM spectra have 

shown a relatively monomineralic nature of the rocks having magnetite in the range 

of Pseudo-Single Domain (PSD) to Stable Single Domain (SSD), especially the silt-

stone, silty-clay, mudstones and pure mudstones predominantly indicate the presence 

of SSD magnetite. This is also confirmed with significant acquisition of ARM in all 

these samples indicating notable presence of SSD grains suitable for magnetostrati-

graphic studies. 

All the samples are found to be moderately to weakly magnetic with mag-

netic susceptibilities (χlf) in the range of 0.5 to 2 x 10e-8 m3/kg (see Table 5.1). The 

mean magnetic susceptibilities for both grey and buff sandstones are comparable and 
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are higher than the shale samples. Saturated Isothermal Remanent Magnetization 

(SIRM) for brown sandstones is considerably higher than the grey sandstones show-

ing the antiferromagnetic nature of minerals in an overall dominance of the ferrimag-

netic minerals. Both soft and hard IRM components are higher in the brown/buff 

sandstones compared to the grey sandstone. The higher soft IRM in buff sandstones 

may be due to dominance of detrital magnetites compared to the SD-PSD magnetites 

dominance in the grey sandstones. 

The grey sandstones show mono-mineral ferrimagnetic nature with variants 

in grain size towards predominantly MD magnetites (see Table 5.1). The buff sand-

stones on the other hand shows bimodal (with minor mode of antiferromagnetism) 

and SD-PSD variants in ferromagnetic composition. The characteristic patterns that 

can be deduced are Middle Bhuban= Lower concentration and low fluctuation, Up-

per Bhuban= higher concentration and higher fluctuation. The study indicates that 

the SIRM/ χlf  values are more prominent (useful) to distinguish between buff and 

grey. Overall the buff sandstones are differentiated by oxidative mineral phases al-

though the ferrimagnetic mineralogy is maintained as that of the grey sandstones. 

Mineral magnetism thus suggests that the fundamental framework of magnetic min-

eralogy is maintained by the ferrimagnetic mineral with addition of antiferromag-

netic oxides in the buff sandstones. 

Demagnetization

Thermal and af demagnetization analysis of representative samples was 

conducted. These demagnetization results were analysed with the Remasoft software 

of Agico, producing the data on stereonet, and the curves for intensity decay and Zi-

jderveld diagrams (direction and intensity combinely). The Primary and Secondary 

magnetizations were identified and the components were assigned in using Principal 

Component Analysis (PCA). Overall both the thermal and af demagnetizations have 

shown good results for the Studied sections. Majority of the samples have shown 

relatively soft secondary component removed at <25 mT or <2500C. Other, rela-

tively strong secondary component is seen only in 30-40% of the samples and is de-

magnetized below 50 mT or 4000C. The alternating field demagnetization above 70 

mT or the thermal demagnetization >4000C is successful in getting the ChRM direc-
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tions for these samples. Some of the samples have shown increase in susceptibilities 

during 7000C due to incessant heating in the complete spectrum of the thermal de-

magnetization. The present analysis shows that single or double steps of heating in 

the range 500-600 with holding times below 25 minutes can give reliable vectors of 

ChRM nature by cleaning the secondary components. So also the steps 80-90mT in 

the af demagnetization can safely reveal the ChRM directions for these samples. To-

tal specimens (3-7) from each site with discarding of the specimens that have shown 

scattered directions were used further to calculate the mean directions. The mean di-

rections from the respective sites were further subjected to bedding/tilt corrections. 

Further calculation shows the magnetic polarity based on the declination, inclination 

and VGP values of the cleaned and bedding corrected samples. The detailed calcula-

tions are providing the final results and polarity sequence of the GPTS correlation.

Finally, the VGP latitude of each horizon has been plotted against the meas-

ured litho-column to reconstruct the local magnetic reversal pattern. The positive and 

negative values of the VGP latitude indicate respective normal and reverse polarity 

events of the geomagnetic field. These events are correlated with Geomagnetic Po-

larity Time Scale (GPTS) of Cande and Kent (1995). 

Magnetostratigraphy

A total of 7 normal and 7 reverse magneto-zones are obtained for the 

Bawngkawn – Durtlang section (see Fig. 5.3, Table 5.3). These match fairly well 

with the corresponding magneto-zones available on GPTS. The datum plane for the 

matching of the local polarity patterns with the GPTS comes from a 6 - 10 cm thick 

fossiliferous horizon occurring at 266 m stratigraphic level in the section at the con-

tact of sandstone and shale beds. This horizon has yielded pectinid bivalves based on 

which it can be assigned to Early Miocene (Malsawma, 2004; Tiwari et al., 2007).  

This horizon coincides with the top of the normal event no. 4 in the MPTS and has 

been correlated with C6n (20.131- 19.048 Ma) of GPTS of Cande and Kent (1995). 

Correlation of all other events has been attempted accordingly. Thus, the GPTS cor-

related ages for the BD section falls between ~21.7 Ma (at the base) to ~15.1 Ma (at 

the top). It estimates a total of 6.6 Ma duration for the accumulation of 565 m thick 

sedimentary pile in this section. A total of 7 normal and 6 reverse magneto-zones 
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have been obtained for the Tuirial section (see Fig. 5.5, Table 5.5). Rai (Personal 

Communication, 2011) studied an interesting nanno-fossil assemblage from a 8-15 

cm thick calcareous horizon at 1160 m stratigraphic level from this section and as-

signed this horizon to early Late Miocene age. It has been correlated with the top of 

the normal event 6 of MPTS and C4An of GPTS. The polarity patterns have been 

correlated accordingly. Thus, the GPTS correlated ages of the Tuirial section falls 

between ~12.5 Ma (at the base) to ~8 Ma (at the top). It estimates a total ~4.5 Ma 

duration for the accumulation of 1355 m thick sedimentary pile in this section. A 

total of 4 normal and 4 reverse magneto-zones have been obtained for the Sairang 

section (see Fig. 5.7, Table 5.7). This section contain fossiliferous bed at 230 m 

bearing selachian fish teeth, decapods and foraminifera which belong to Late Mio-

cene age (Victor et al., 2009, 2011). In magnetic polarity this bed falls in the reversal 

pattern of GPTS (C4Ar.2r) (9.580 - 9.308 Ma). This has been taken as the basis for 

the correlation. Rai (Personal Communication, 2011) also recovered a nanno fossil 

assemblage of early Late Miocene age from this fossiliferous horizon. Thus, the 

GPTS correlated ages of the Sairang section falls between ~9.8 Ma to ~8.3 Ma. It 

estimates a total of ~1.5 Ma duration for the accumulation of 460m thick sedimen-

tary pile in this section.

Sediment Accumulation Rate

The variability in rates of sediment accumulation in any part of the basin is 

genetically linked to the basin evolutionary process. Magnetostratigraphic data pro-

vide a fairly reliable means of finding the sediment accumulation rate (SAR) at any 

given point by the age point extrapolation curve. The SAR curves also provide valid-

ity and check for successful correlation to GPTS by displaying justifiable rates for 

the given sequence. If the correlation is wrong it produces anomalous and unex-

pected rates of sedimentation thus defying the age correlation for the given section.

The average sediment accumulation rate for BD section (see Fig. 5.8) is ~ 

8.48 cm/Ka. An account of the variation in the rate of sedimentation has been pro-

duced in the table 5.8. Overall the SAR is higher at the lower part of the section with 

a spike of 17.9 cm/ka at <21 Ma. There is a drop in SAR (2.1 cm/ka) around 18 Ma 

that gradually reaches to 12.5 cm/ka at around 17 Ma. The interval of drop in SAR to 
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2.1 cm/ka at 18 Ma possibly suggest a hiatus that needs to be attested with basin 

wide study on more sections. Since there is no control of reversal after 16 Ma the 

preceding rate has been extrapolated to the top of the section (at 565 m) to get an 

approximate age of > 15.16 Ma. Overall the SAR is lower in the lower part of the 

Tuirial section with a spike of 22.6 cm/ka at <11.5 Ma (see Fig. 5.9). There is an in-

crease in SAR around 10 Ma gradually reaching to a value of 25.2 cm/ka. The inter-

val of rise in SAR to 39.2 cm/ka at around 9.5 Ma suggest a possible hiatus. Then it 

continues to increase and shows a value of 46 cm/ka at around 9 Ma. The rate can be 

observed as 35.1 cm/ka with its extrapolation to the top of the section at 1355 m. The 

SAR thus almost doubles at around ~9 Ma at ~1050 m where a facies change is ob-

served from the turbidite like sequence to massive sand bodies suggesting a major 

change in depositional environments from shallow marine to pro-delta conditions. 

The Sairang section SAR accounts (see Fig. 5.10) the variation in the rate of sedi-

mentation from 18 to 42 cm/ka. In the lower part it shows a value of 18.75 cm/ka 

around 9.6 Ma, then suddenly its rise to more than double value of 42 cm/ka at 

around ~9.4 Ma, and further drops to 29.76 cm/ka. These abrupt changes in SAR 

observe the changes in facies from the intertidal dominant sequence to massive sand 

bodies suggesting a major change in depositional environments from shallow marine 

to pro-delta facies as has also been seen in the Tuirial section.

SAR is one of the most significant information on basin tectonic inferences 

using magnetostratigraphic data. However its correlation needs a careful examina-

tion since the SAR can vary with location (distal to proximal) tectonic setting or any 

other local influence for the given section within the basin. The deposits of the 

Bawngkawn – Durtlang section of Middle Bhuban show a slow sediment deposition, 

while the Upper Bhuban units of Tuirial and Sairang sections are comparatively 

high. In both sections around 9 Ma the sedimentation shows greater fluctuations 

from low to high (see Fig.6.5).

Correlation

Bawngkawn – Durtlang, Tuirial and Sairang sections form the limbs of ma-

jor aniclinal structure in this region and are few kilometres radius covering an area of 

about 350 sq km (see Fig. 5.11) ideally allowing for their regional stratigraphic cor-
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relation. Most part of the Tuirial and Sairang sections comprise Upper Bhuban unit 

while the Bawngkawn – Durtlang section belongs to Middle unit of Bhuban Forma-

tion. The sampling for Tuirial section covers the basal part of the Upper Bhuban 

unit, while the Bawngkawn – Durtlang section is sampled around the top of the Mid-

dle Bhuban unit. Therefore the regional correlation suggests that the age of the Mid-

dle to Upper Bhuban transition falls around 13.5±0.5 Ma (see Fig. 5.12).

In BD section the base corresponds with the base of foraminiferal zone N5 

(N=Neogene). There is a general coarsening up of lithology from shale to siltstone 

and fine-medium grained sandstone. The lowermost identified chron corresponds to 

C6AAn (21.76 Ma to 21.85 Ma) and the lower part of the nanno zone NN2. This 

zone shows majority of fine grained facies with turbidite like alternations of centi-

meter scale silt and mud layers. The rate of sedimentation in this part shows prodelta 

and interdistributory depositional framework. Further the polarity zone C6n (19.04 

to 20.13 Ma) corresponds to the nanno zone N5 from 146 to 266 m of the section. 

The fining and coarsening up cycles during this interval (C6n ~19 Ma) indicate an 

interplay of regressive and transgressive regimes. The N5 of foraminiferal zone is 

overlain by N6 correlating with C5En (18.78 Ma) to C5Dn (17.27 Ma) covering the 

stratigraphic interval from 266 m to 330 m showing fining upward sand dominant 

interval of regressive phase. This level corresponds to the Nanno zone NN3. The N7 

foraminiferal zone occurs within the C5Cn (~16 Ma) and is equivalent to the Nanno 

zone NN4. This interval suggests prodelta sedimentation under prograding front and 

rising base levels during 330 m to 460 m. The top part of the section from 460 m to 

565m results a reverse polarity in the chron C5Br (~15 Ma), and correspond to the 

top part of the foraminiferal zone N8 and also the bottom of the NN5. Thus the stud-

ied section may be assigned and Early Miocene age to the lower part of Middle Mio-

cene.

The basal part of the Tuirial section correspond to the top of foraminiferal 

zone N12 and with the bottom of Nanno zone NN7 within the chron C5An.2n. The 

lithology shown by this zone is silty-sandstone within a coarsening upward trans-

gressive regime. The overlying lithology up to 280 m is dominantly sandstone, silt-

stone, shale and its admixture. The lower part of this unit shows a transgressive se-

quence while the upper part is mostly regressive.  This lithology occurs in between 
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the magnetic polarity chron C5An.1n and C5r.2n corresponding to the middle part of 

N13 and top part of the NN7. Above this interval and up to the 750 m level there is 

alternation of silt and sand with coarsening up sand dominanted sequence under 

transgressive phase. The corresponding magnetic polarity covers the chrons C5r.1n 

and C5n.2n correlating with the foraminifers zones N13 to N16, and the Nanno zone 

NN7 till the lower part of NN9. The top part of this level is correlated with the base 

of the Sairang section.

Sairang section is the counter part of the Tuirial section in the Aizawl anti-

cline with western and eastern limbs respectively mainly displaying the Upper Bhu-

ban unit of Bhuban Formation. The Sairang section overlaps with the upper half of 

the Tuirial section. Therefore both these sections are combined for the purpose of 

integrated lithologic and magnetostratigraphic inferences.

The base of the Sairang section shows a 14 m thick package of silt and silty-

sandstone of coarsening upward nature. It correlates with the lower part of fo-

raminiferal zone N16 and partly the Nanno zone NN9. The overlying lithology in 

Sairang section is sandstone, silt and shale with sand dominant units up to 186m. 

The lower part shows transgressive phase while the upper part is of regressive na-

ture. It can be noted that the counterpart in Tuirial section  (see Fig. 5.12) contain 

similar lithologic variation as Sairang section. However, the transgressive phase in 

Sairang section is relatively thicker than the Tuirial section and is well reflected in 

the SAR. In the Tuirial section the stratigraphic level up to 1180 m comprises a com-

bination of buff sandstone, silt and shale with predominance of shale and is similar 

to that in Sairang section. Further, both the sections in this correlated part infer the 

alternate transgressive and regressive phases. The top parts of these sections have 

shown similar sand dominant lithology. Amongst the two, the Tuirial section is more 

sandy than Sairang section. With the above correlation the Sairang section character-

istic lithologic change beginning at 460 m level can be correlated with the 1355 m 

level of Tuirial section. The foraminferal zone is equivalent to more than half of the 

N16 and Nanno zone level top of the NN10. Thus the studied sections may be as-

signed Middle Miocene to middle part of Late Miocene ages.

The Sairang section contain fossiliferous bed at 230 m bearing selachian 

fish teeth, decapods and foraminifera which belong to late Miocene age (Ralte et al.,
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2009, 2011). In magnetic polarity this bed falls in the reversal pattern of GPTS 

(C4Ar.2r) 9.308 to 9.580 Ma. The fossiliferous beds are also exposed in the Tuirial 

section showing long range mega fossils roughly of Late Miocene age. Previous bio-

stratigraphic work assigned Middle to Late Miocene age for the Upper Bhuban for-

mations of Mizoram (Ganguly, 1975, 1993; Sinha et al., 1982; Mandaokar, 2000; 

Tiwari, 2001; Jauhri et al., 2003). The Tuirial and Sairang sections can therefore be 

matched with the GPTS pattern existing in Late Miocene period of the GPTS. This 

resulted in the identification of GPTS chrons in Tuirial section as C5An.1n (~ 12 

Ma) to C4r.1n (~ 8.2 Ma) and Sairang section as C5n.1n (~ 9.8 Ma) to C4r.2r (~ 8.4 

Ma). 

Depositional Environment

In the present attempt we prepared detailed lithologs, MPTS and SAR for 

these three sections. The sedimentological units were assigned mainly based on fin-

ing and coarsening upward cycles to demarcate the visibly characteristic packages of 

sedimentation, lateral changes and primary sedimentary structures and the deposi-

tional environments have been inferred (Reading, 1982).

The Bawngkawn - Durtlang measured section shows lithofacies grading 

from alternation of mud and silty mud (at places massive and laminated), alternation 

of silt and fine sand to medium grained sands (see Fig. 4.1). There are fining as well 

as coarsening upward cycles of thicknesses varying from 5 m to 30 m at sub-unit 

levels (hemicycles) or 20 m to 80 m at unit level. Each fining upward cycle in the 

lower part ends with thick, massive mud of tidal flat nature. While in the upper part 

they end with intercalations of mud and silt, silty mud or sandy silt. Besides this, the 

overall grain size gradually increases towards the top of the section within a range 

and frequency of fine sand to medium grained sand and also by the increase in silt 

content within the mud. The sand body thicknesses and frequency of occurrence too 

show a general upward increasing trend. The coarsening up packages of sedimenta-

tion is predominantly represented by the grey sand bodies of massive nature. Inter-

nally majority of these show fine lenticular mud lamina and sometimes show flaser 

bedding indicating tidal to subtidal transitions within confined continental shelf un-

der the influence of base level change. 
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Fig. 7.1: Lithofacies comparison with global sea level changes (Haq et al., 1988) for 
of Studied sections, (A) MPTS , (B) Rate of Sedimentation, (C) Litholog, and  
Eustatic curve with GPTS.

The 1355 m thick Tuirial section shows overall coarsening up prograda-

tional trend. In this section the thickness and frequency of the buff sandstone in-

creases upwards. The lower part (0 to 263 m) depicts a gradually prograding se-

quence where the mud becomes silty upwards and is followed by migratory channels 

with intercalating mud in the interdistributary areas within prodelta.  The first ap-
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pearance of the buff sandstone in this section occurs at ~263 m level showing ero-

sive/scoured base, mud pellets and coarser grain size. This suggests a sudden change 

in base level followed by few mixed to grey sandstones and mudstones further indi-

cating fluctuations in base level (see Fig. 7.1). A sequence of coarsening as well as 

fining up cycles with basal buff sandstones and increasing upward cycle appear at 

~390 m thicknesses (up to 4 m) and grain size (fine to medium) suggesting a major 

regressive phase. Middle part of this section shows predominantly sand-shale inter-

bedding in a coarsening up fashion with tops of each cycle showing grey sand. The 

basal and middle part of the section shows delta formation and its progradation. The 

buff sandstones in this part occur as small regressive phases with variable thick-

nesses and frequency compared to the gray sandstones. Intermediate sandstone 

(intermixed buff and grey sand) appears at ~1170 m. These sandstones internally 

show fine lenticular (discontinuous but parallel) mud layers similar to the grey sand-

stone. However in the basal part they show physical mixing (pseudo-conglomeratic) 

of the grey and buff indicating aqueous prodelta mixing of the two. This is followed 

by alternation of grey and buff sandstones that further grades into second major re-

gressive phase with appearance of thick buff sandstone.

The 460 m thick Sairang section shows overall coarsening up prograda-

tional trend. In this section the thickness and frequency of the grey sandstone in-

creases upwards. The lower part (0 to 263 m) depict a gradually prograding sequence 

where the mud becomes silty upwards and is followed by migratory channels with 

intercalating mud in the interdistributary areas within prodelta. At the sandstone 

basal part showing erosive/scoured base, mud pellets and coarser grain size. This 

suggests a sudden change in base level followed by few mixed to grey sandstones 

and mudstones further indicating fluctuations in base level. A sequence of coarsen-

ing as well as fining up cycles with basal grey sandstones and increasing upward cy-

cle appear at ~390 m thicknesses (up to 4 m) and grain size (fine to medium) sug-

gesting a major transgressive phase. Middle part of this section shows predominantly 

sand-silt interbedding in a coarsening up fashion with tops of each cycle showing 

grey sand.

It is obvious therefore from the above that the evolution of the Surma basin 

is not yet fully understood. The results obtained in the present study from three sec-
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tions of Bawngkawn-Durtlang, Tuirial and Sairang are not sufficient enough to rep-

resent whole Surma basin.  Nevertheless from the magnetostratigraphic and sedi-

mentation results in these sections we infer that the basin subsidence or the tectonic 

upliftment was occurring during the Late Miocene period during the evolution of the 

Surma basin thus resulting into thick pile of sedimentation record in this basin.
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APPENDIX - A

Summary of the rock magnetic parameters.

Parame-
ters

Units & 
Derivation

Explanation /description

k and χ k=10-11m3;

χ=10-8m3/
kg

Magnetic susceptibility: The ratio of the induced mag-
netization to applied magnetic field and is indicative of 
bulk magnetic mineral content in  a sample. This is 
measured in a reversible small magnetic field of the or-
der of 0.1 mT. Measurement on a volume (k) or mass 
specific  basis (χ). Susceptibility  is  also sensitive  to 
change in grain size.

χfd 10-8m3/kg

χfd =(χlf-χhf)/
χlf

Frequency dependence of susceptibility: The variation 
of susceptibility between two frequencies. Large value 
of this parameter indicates presence of ferrimagnetic 
grains  lying  at  the  stable  single  domain/
superparamagnetic boundary (~0.02µm) when measured 
at room temperature.

(B0)CR mT Remanence coercivity: the reverse field strength re-
quired to return a magnetized sample its saturation iso-
thermal remanence to zero.

ARM 10-5m3/kg

χARM

=ARM/
Bias Field

Anhysteretic remanence magnetization: is  generally 
imparted by subjecting a sample to a strong alternating 
field decaying to zero in the presence of small steady 
field and it is useful for characterizing magnetic parti-
cle.
Susceptibility of Anhysteretic remanence (χARM) is the 
ratio of ARM to bias field that varies with the quantity 
of SD grains.

χARM/χlf - χARM is  particularly sensitive to the presence of small 
grains (single domain and pseudo-single domain(PSD)) 
whereas χlf is relatively more sensitive to the presence 
of larger grains (PSD-MD). Hence,  χARM/χlf variation 
may be used as indicators of grain size variation from 
SD to MD.

SIRM 10-5Am2/kg SIRM represents  the saturation of isothermal rema-
nence. It indicates volume concentration of magnetic 
minerals in a sample and varies with magnetic mineral-
ogy.

SIRM/χlf 103 A/m The SIRM is the indicator of magnetic mineral concen-
tration and χlf represents the bulk magnetic mineral con-
tent. It is also sensitive to grain size, hence the ratio of 
saturation remanence to susceptibility can be used as a 
rough estimate of magnetic mineralogy and grain sizes.



190

HIRM 10-5Am2/kg 
(IRM1T+IR
M-300mT)/2

HIRM varies with the high coercivity (canted anti-
ferromagnetic) component in magnetic mineral assem-
blage.

S-Ratio (IRM-300mT /
SIRM2.5T)

S-Ratio is the ratio obtained by using IRM-300mT and 
SIRM and indicates the relative proportion of anti-
ferromagnetic to ferrimagnetic minerals. It is negative 
for low coercivity minerals and positive for high coer-
civity minerals.

G 
(Goethite)

10-5Am2/kg

(IRM 2T -
IRM 1T)

G indicates the presence of high coercivity mineral. 
Especially the larger values varies with goethite

H 
(Hematite)

10-5Am2/kg

(IRM 1T -
IRM 0.5T)

H is sensitive to presence of canted antiferromagnetic 
mineral hematite and is less sensitive to goethite.

G/H

(‘hydration index’)      -

The ratio G/H represents the relative variation in goe-
thite over hematite and increases as a function of hy-
dration.

IRMsoft 10-5Am2/kg

(IRM1T -IRM
-20mT)/2

IRMsoft can be used for approximating the concentra-
tion of MD ferrimagnetic grains.

H/IRMsoft                  

(IRM1T+IRM-300mT)/2

(‘oxidation index’)

The ratio of H/IRMsoft is indicative of relative oxida-
tive conditions.

χARM/H - Since χARM varies with the SD concentration that can 
be preserved under reducing/alkaline conditions in soil 
forming environment. The ratio χARM/H therefore var-
ies with these conditions

Parame-
ters

Units & 
Derivation

Explanation /description
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