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The Himalayan Mountains developed due to the collision of the Indian and 

Eurasian plates. There are two large foreland basins south of the eastern Himalayas: 

Assam Basin, located near the eastern syntaxis of the Himalayas, and the Bengal Basin 

further to the south. The Indo-Burman Ranges lie to the southeast of Assam and east of 

the Bengal Basin. The Indian craton is located to the west of the Bengal Basin. 

Mineralogical, geochemical, and geochronological studies provide critical information 

for the evolution of the Tertiary sequences of these basins.  

Sandstone modal analyses document that Eocene Disang (Qt56F5L40), Oligocene 

Barail (Qt59F7L34), Miocene Surma (Qt68F3L29), and Mio-Pliocene Tipam (Qt53F9L38)  

from Assam Basin, and Oligocene Barail (Qt83F3L14), Miocene Surma (Qt59F18L23), Mio-

Pliocene Tipam (Qt57F14L29), and Pliocene Dupi Tila (Qt54F21L25) from the Bengal Basin



 vi

 plot in the “recycled orogenic” provenance field of Dickinson, indicating an orogenic 

source from the Himalayas and/or Indo-Burman Ranges. Studies of detrital heavy-

minerals, including garnets, also suggest orogenic source terranes with input from low- to 

medium-grade metamorphic rocks. Chrome spinels from the Bengal Basin were probably 

derived either from Himalayan arc material or Indo-Burmese Alpine-type ophiolites, 

while those of Assam were mostly derived from the Indo-Burman Ranges. Oligocene 

muscovite grains from Assam give a cooling age range from 35 to 204 Ma, indicating 

that they likely sourced from the Gangdese batholith of Tibet and the Mogok 

Metamorphic Belt of Indo-Burman Ranges (Myanmar). Cooling ages of Miocene 

muscovites from Assam range from 28 Ma to 81 Ma, with noticeable modes at 28-50 Ma 

and 65-80 Ma.  This suggests that source rocks for Assam Miocene units, most likely the 

Gangdese batholith of Tibet and the Mogok belt of Myanmar, are older than that from the 

Bengal Basin. Whole-rock chemistry data reveal that sediments from the Assam Basin 

and the post-Oligocene sediments from the Bengal Basin were derived from granitic 

source rocks. Oligocene samples from Bengal Basin, however, show high silica contents 

suggesting intense chemical weathering during deposition closer to the equator.  

Depocenters in the foreland basins of the eastern Himalayas progressed generally 

south and west through time (in Assam during the Paleogene and in the Bengal Basin 

during the Neogene). The right-lateral Kaladan fault may have brought these two 

depositional systems closer in the Miocene. 
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CHAPTER 1: INTRODUCTION 

1.1 INTRODUCTION 

Provenance analysis is based on the assumption that the composition of detrital 

sediments records the composition of the source region from which those sediments were 

derived (Dickinson and Suczek, 1979). This theoretical relationship enables interpretation 

of paleogeography (Uddin and Lundberg, 1998a), ancient plate tectonic settings (Graham 

et al., 1976; Dickinson and Suczek, 1979), and rock-uplift and exhumation histories 

(Graham et al., 1976) from the sedimentary record. In some cases, such as those 

involving deeply denuded source terranes, sedimentary rocks may be the only known 

resource for acquiring such information. Whereas the validity of this assumption has been 

demonstrated for numerous detrital sediments and sedimentary rocks (Dickinson, 1970a, 

1982; Dickinson and Suczek, 1979), provenance interpretation of compositional data 

requires attention to the influence of other factors (Suttner, 1974). 

Sandstone composition analyses are very important in tracing sediment 

provenance (Dickinson and Suczek, 1979). Sandstone compositional analyses, in which 

proportions of detrital framework grains within a sand (stone) sample are plotted on 

various ternary plots (QtFL, QmFLt, etc.), can distinguish various tectonic settings of 

source areas (Ingersoll et al., 1995). This approach helps to understand and interpret plate 

interactions in the geologic past. Provenance studies that focus on some key attributes of 

detrital mineralogy provide important constraints on basin evolution and unroofing 
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history of mountain belts (Dorsey, 1988; Uddin and Lundberg, 1998a, b). Reconstruction 

of provenance from detailed mineralogical analyses is based on the assumption that 

modes of transport, depositional environments, climates, and diagenesis have not 

significantly altered detrital grain composition (Basu, 1976). 

The Himalayan mountain chain is one of the world’s comparatively young 

geological features and contains the highest peak on Earth. This chain developed due to 

the collision of the Indian and Eurasian plates (Fig. 1) in an area once occupied in part by 

the Tethys Sea. Orogenesis is partly recorded in sediments derived from the eastern part 

of the Himalayas and deposited in subsiding troughs to the south, the Assam-Bengal 

Basin system (Fig. 1). The Bengal basin originated due to the collision of India with 

Eurasia and Burma, which built the extensive Himalayan and Indo-Burman Ranges and 

loaded the lithosphere to form flanking sedimentary basins. The northeastern part of this 

basin contains a thick (12-16 km) fill of late Mesozoic and Cenozoic strata (Hiller and 

Elahi, 1984). The Early Paleogene history of the Bengal Basin was characterized by 

sedimentation on a passive continental margin formed during Mesozoic rifting and 

opening of the Indian Ocean (Sclater and Fisher, 1974). Cenozoic sediments filled the 

Assam Basin, which probably was a remnant ocean basin during the early stages of its 

development (Graham et al., 1975). Stratigraphic sequences deposited in Assam Basin 

preserve a continuous record of orogenic events. As a result of collision and 

sedimentation in the basin, tectonic events, such as flexural loading and basement 

faulting, led to the formation of a complex foreland basin characterized by dramatic 

topographic relief and complex geometry (Evans, 1964). 
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Figure 1. Map showing major tectonic elements near the study area, including the Bengal 
Basin, Assam Basin, the Himalayas, and the Indo-Burman Ranges (after Uddin and 
Lundberg, 1998a). The Gangdese Batholith is located at the southeastern part of Tibet 
(after Copeland et al., 1995) and the Mogok Metamorphic Belt (MMB) is located in the 
Indo-Burman Ranges (after Mitchell et al., 2007). 
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The right-lateral Kaladan fault (Figs. 2 and 3) demarcates the boundary between 

the Bengal basin (Indian plate) in the west and the fold belt of Mizoram and lower Assam 

of India (Indo-China plate) in the east (Zutshi, 1993).  Because of its location in the 

eastern part of the Mizoram-Tripura-Chittagong Folded belt, the Kaladan fault may have 

played a significant role in the tectonic evolution of Bengal-Assam basin system. This 

fault trends northeast-southwest along the Kaladan River down to the Arakan coast. This 

fault is identified by the geologists of the Bangladesh Oil, Gas, and Mineral Corporation, 

(BOGMC: Exploration Promotion Brochure) as a dextral transform fault, but the basis of 

this identification is not known. Focal plan solution of moderate size earthquakes that 

have occurred in that region also suggest that this is a strike-slip fault (Fig. 2). 

The provenance histories of Cenozoic sediments in the Bengal and Assam basins 

are not adequately known. Reconstruction of the paleogeography of this region 

constitutes an important goal of the proposed research. This study investigates the 

petrology of Cenozoic sedimentary sequences exposed on both eastern and western sides 

of the Kaladan fault (Figs. 2 and 3).  
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Figure 2. Nature and orientation of the Kaladan fault, which separates the Bengal Basin 
from Assam Basin. Diagram also shows another prominent fault, the Sagaing fault, east 
of the Kaladan fault (after www.see.leeds.ac.uk/structure/dynamicearth). 
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Figure 3. Map showing major tectonic elements in and around the Bengal-Assam basins. 
The Kaladan fault separates the eastern part of the Bengal Basin from Assam Basin, and 
other east Indian states. Boxes 1, 2, 3 in the figure show sample locations. Cross-sections 
along N-S, E-W, and A-A’ lines are shown in Figures 4, 5, and 6  (after Uddin and 
Lundberg, 1998b). 
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Although the source areas of Paleogene sediments in the Assam Basin have been 

inferred to be orogenic terranes in the eastern Himalayas and the Indo-Burman Ranges 

(Kumar, 2004), the provenance history of Paleogene sediments of the Bengal Basin is 

still debatable. Johnson and Nur Alam (1991) proposed that the Paleogene sandstones 

from the Bengal Basin were derived from the eastern orogenic belts. In contrast, Uddin 

and Lundberg (1998a) suggest that these sediments were derived from the Indian craton. 

Zahid (2005), however, suggested a mixed provenance, with derivation from both the 

Indian craton and the Indo-Burman Ranges. Neogene sediments from both the Bengal 

and Assam basins indicate an orogenic source (Rahman and Faupl, 2003; Kumar, 2004), 

and thus suggest that orogenic activity had certainly began in eastern Himalayan areas by 

the early Miocene.  

The hypothesis addressed in this research is that Eocene-Oligocene sandstones 

from the Assam Basin and rocks of similar age from the Bengal Basin of Bangladesh 

were on two different plates during their deposition. These two basins may have been 

brought adjacent to each other during the lower Miocene along the Kaladan fault.  This 

hypothesis was tested through sandstone compositional studies of the two sequences and 

detrital geochronologic analyses to document the nature of the disparate source terranes. 

This work also provides constraints on the early unroofing history of the Indo-Burman 

Ranges and eastern Himalayas. 
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1.2 LOCATION OF THE STUDY AREA 

The Bengal Basin, located in Bangladesh and in the West Bengal state of India, is 

situated at the confluence of the two great river systems of the eastern South Asia, the 

Ganges from the west and the Brahmaputra from the north. The Shillong Plateau stands at 

the immediate north and the Himalayas to the distant north (Figs. 1 and 3). The Indo-

Burman Ranges are to the east and the Indian Shield is to the west (Figs. 1 and 3). The 

area is open to the south and extends into the Bay of Bengal and the Bengal deep sea fan.   

The Assam Basin, located at the northeastern part of the joint Assam-Bengal 

system, is bounded by the eastern Himalayas to the north, Mishmi Hills to the northeast, 

Indo-Burman Ranges to the east, Bengal Basin to the south, and Shillong Plateau to the 

southwest (Fig. 2). The studied Digboi-Margherita area is situated in the northeastern part 

of Assam basin, in the Schuppen belt, which consists of a series of NE-SW imbricate 

thrust faults between the Naga and Disang thrust belts (Rangarao, 1983).  The 

sedimentation pattern, geomorphology, and geometry of the Assam Basin are influenced 

by the Brahmaputra River. Uplift of the Shillong Plateau in the Pliocene and has since 

controlled major sedimentation and structural features of the Assam Basin (Fig. 2; 

Johnson and Nur Alam, 1991). 

The history of development of the Assam-Bengal Basin is directly related to uplift 

of the Himalayas and the Indo-Burman Ranges. The east-west Himalayan arc is over 

2500 km long and 300 km wide (Fig. 1). The area is convex toward the south and made 

up of four longitudinal litho-tectonic units juxtaposed along generally north-dipping 

thrust faults (Fig. 1). The Indo-Burman Ranges trend generally north to south, with a 

width of approximately 230 km. These ranges encroach the Assam-Bengal basin from the 
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east, associated with subduction of the Indian plate beneath the Burmese platelet (Fig. 3; 

Sengupta et al., 1990). The Indo-Burman Ranges are composed of Cretaceous to Eocene 

pelagic sediments overlain by a thick Eocene to Oligocene flysch and upper Miocene to 

Pleistocene molasse (Brunnschweiller, 1974).   

Representative sandstone samples from both sides of the Kaladan fault were 

analyzed for this research. Most of the samples were collected from the northeastern 

Sylhet trough (box 1, Fig. 3; Fig. 4) and the southeastern Ulahtaung Anticline (box 2, Fig. 

3; Fig. 5) of the Bengal Basin. Samples from the Assam Basin were collected from the 

Digboi-Margherita area (box 3, Fig. 3; Fig. 6), where almost all the Cenozoic sequence is 

well exposed along the following four sections: (1) Tipang Pani section (Naogaon 

Formation); (2) Namdang section (Naogaon and Baragolai formations); (3) Dirak section 

(Baragolai Formation); and (4) Margherita – Changlang section (Disang, Naogaon, and 

Baragolai formations). Samples were collected based on recommendations from experts 

familiar with the region and existing literature. 
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Figure 4. Map showing the northeastern part of the Bengal Basin where samples of 
Oligocene to Pliocene were collected (box 1 in Fig. 3) (from Google Earth). 
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Figure 5. Location of samples collected from the Ulahtaung anticline, located in the 
eastern fold belts of southeast Bengal Basin (box 2 in Fig. 3). Middle Miocene and 
younger samples are exposed in these sections (from Google Earth). 
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Figure 6. Map showing the geology of part of Assam Basin (box 3 in Fig. 3) and four 
sections along which samples were collected (after Kumar, 2004). 
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1.3 PREVIOUS WORKS 

Johnson and Nur Alam (1991) studied sediments from the Sylhet trough of 

Bangladesh and suggested that the Dauki fault was a thrust fault and that the Shillong 

Plateau was uplifted in the Pliocene. Copeland and Harrison (1990) found the ages of 

muscovite grains from the Bengal Fan sediments to be around 30 Ma. Uddin and 

Lundberg (1998a, b) studied Cenozoic sediments from Bengal Basin and found that the 

pre-Miocene sediments were not derived from Himalayas, but rather probably were 

transported short distances from the Indian craton to the west. Godwin et al. (2001) and 

Uddin et al. (2002) did preliminary work on sediments from the Assam Basin and 

suggested that the provenance history is controlled by localized tectonic activity. Rahman 

and Faupl (2003) reported cooling ages of muscovite grains for Miocene sediments from 

the northeastern Bengal Basin as ca. 25 Ma to 35 Ma. The 40Ar/39Ar ages for detrital 

muscovite grains of the early Miocene Bhuban sediments of the Bengal Basin range from 

ca 16 Ma to 516 Ma and consistently reflect peaks at ~16 Ma to ~22 Ma, suggesting a 

young episode of orogenic activity in the Himalayas (Uddin et al., 2005). Zahid (2005) 

studied Oligocene and lower Miocene sequences of the Bengal Basin and suggested a 

mixed provenance.  

The Digboi oil field, which was the first oil discovery in Assam area, was drilled 

in 1889 (Selly, 1998). Sinha and Sastri (1973) worked on heavy minerals to assess 

provenance for the southeastern Assam basin. Geologists from India and abroad explored 

this basin to understand its tectonic history and related events (Baksi, 1965; Karunakaran 

and Rangarao, 1976). Tectonic framework of the Assam-Burma-Bengal basins and major 

tectonic events were studied by Hutchison (1989). Kent and Dasgupta (2004) discussed 
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the relationship between sequence stratigraphy and structure of the upper Assam valley. 

Kumar (2004) focused on the provenance history of Cenozoic sediments of the north 

Assam area, near the eastern Himalayan syntaxis.  Uddin et al. (2006) studied U/Pb dates 

on zircon crystals from Assam Basin and inferred predominant sources from the 

Himalayas and Tibetan Plateau. Very little work has been done on evaluating the 

stratigraphic sequences on opposite sides of the Kaladan fault. 
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CHAPTER 2: TECTONIC SETTING AND REGIONAL GEOLOGY 

2.1 INTRODUCTION 

The tectonic evolution of the Bengal and Assam basins is controlled by north-

south convergence along the Himalayas and east-west convergence along the Indo-

Burman Ranges. The tectonic nature of these basins can be attributed to the 

interaction of the three major plates: Indian, Tibetan (Eurasian), and Burma (West 

Burma) plates. The Bengal Basin started its development at the beginning of the Late 

Cretaceous when the Indian plate rifted away from Antarctica along an inferred 

northeast-southwest-trending ridge system (Sclater and Fisher, 1974). Later, the 

Indian plate began migrating rapidly northward, leading to its collision with Asia, 

which probably began during the Eocene between 55 to 40 Ma ago (Curray et al., 

1982; Molnar, 1984; Rowley, 1996). In the eastern part of the Bengal Basin, the 

subduction complex of the Indo-Burman arc emerged above sea level, although major 

uplift of the Himalayas may not have begun until the Miocene (Gansser, 1964). The 

history of the Assam and Bengal basins is clearly related to the rifting and separation 

of the Indian plate from Gondwanaland and to the uplift and erosion of the Himalayas 

and the Indo-Burman Ranges. 

The Indo-Burman Ranges are very active organic belts that trend generally 

north to south with a width of approximately 230 km. These ranges are encroaching 

the Assam-Bengal basin from the east, associated with subduction of the Indian plate 

beneath the Burmese platelet (Fig. 2, Sengupta et al., 1990). They are composed of 

Cretaceous to Eocene pelagic sediments overlain by the thick Eocene to Oligocene 
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synorogenic sediments, and upper Miocene to Pleistocene post-orogenic sediments 

(Brunnschweiller, 1966).   

 

2.2 INDIAN CRATON 

The Cretaceous has widely been considered as the time of initial rifting of the 

Indian continent from the East Gondwana block (Curry and Moore, 1974), although 

the time of collision between the Indian plate and the Eurasian plate is a subject of 

considerable controversy. The Indian block collided terminally with the Tibetan block 

during Early to Middle Eocene, initiating Himalayan orogenesis (Dasgupta and 

Nandy, 1995). There were two episodes of extensive continental flood basalt 

extrusion, reflected by the Rajmahal Trap (~118 Ma; Kent et al., 2002) and Deccan 

Trap (70-65 Ma; Mahoney et al., 1983). The Shillong Plateau is a major tectonic 

feature in between Assam and Bengal basins and was uplifted to its present height in 

the Pliocene (Johnson and Nur Alam, 1991). This plateau is bounded to the west by 

the Rajmahal trough fault (Fig. 3) and to the south by the Dauki fault (Fig. 3; Johnson 

and Nur Alam, 1991). Precambrian rocks of the Shillong Plateau are divided into two 

groups: (1) an Archean Gneissic Complex; and (2) the Proterozoic Shillong Group 

(Rahman, 1999).  The boundary between the Gneissic Complex and Shillong Group is 

marked by a lithologic and structural break. The Shillong Group was overlain by 

Mesozoic to Miocene sediments prior to Pliocene uplift of the Shillong Plateau 

(Johnson and Nur Alam, 1991). Late Mesozoic and Cenozoic sedimentary rocks drape 

portions of the southern Shillong Plateau and generally dip south in a monocline. As 

much as 15-18 km of structural relief between the Shillong Plateau and the basement 

of the Sylhet trough has been postulated (Murthy et al., 1976; Hiller and Elahi, 1988). 

The poorly exposed Dauki fault forms the contact between the Shillong Plateau and 



 17

the Sylhet trough (Fig. 3). Cratonic continental crust is exposed in the Shillong 

Plateau, Mikir hills, and various other small isolated outcrops. 

 

2.3 INDO-BURMAN RANGES 

 The 230 km wide, generally north-south trending Indo-Burman Ranges make 

up an active orogenic belt that encroaches the Bengal Basin from the east in response 

to subduction of the Indian plate beneath the Burmese platelet (Fig. 3, Curray et al., 

1979; Sengupta et al., 1990). Several authors, like Curray et al. (1979), Ni et al. 

(1989) and Sengupta et al. (1990), suggested that the Indo-Burman Ranges were 

trench deposits containing ophiolitic melanges scraped off the Indian plate. East-west 

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

south trending folds of very young (Plio- Pleistocene) sediments (Le Dain, 1984). 

Earthquake studies suggest that the basement of the Indian plate below the Indo-

Burman Ranges is moving north with respect to Asia (Ni et al., 1989), producing 

right-lateral slip along the Sagaing fault and other faults located east of these ranges 

(Fig 2, Le Dain et al., 1984).  

 
2.4 BENGAL BASIN  

The Bengal Basin has two broad tectonic divisions: (1) the Precambrian 

‘Indian Platform’ (also known as the ‘stable shelf’) to the northwest and west; and (2) 

the ‘Bengal Foredeep’ in the southeast (Fig. 3). These two provinces are separated by 

a 25-to-100-km-wide, NE-trending ‘hinge zone’ (Bakhtine, 1966), which follows the 

‘Calcutta-Mymensingh Gravity High’ (Alam, 1972; Khandoker, 1989) produced by 

deep-seated basement faults. Within the narrow hinge zone, the basin slope increases 

from 2-3° to 6-12° and the thickness of overlying deposits increases from 1800 m to 



 18

4000 m.   

The ‘Bengal Foredeep’, a zone of very thick sediment overlying deeply 

subsided basement, is subdivided into two zones based on gravity studies: (1) the 

northwestern Platform Flank; and (2) the eastern Folded flank. The zones are 

separated by another NE-SW-trending gravity high known as the ‘Barisal-Chandpur 

Gravity High' (Khandaker, 1989). The Platform Flank of the Bengal Foredeep is 

occupied by two structural troughs and an intervening high, including the Sylhet 

trough (also known as the Surma basin), and in the northeastern Bengal Basin is 

important for its petroleum reservoirs. The Folded Flank of the Bengal foredeep 

mainly comprises sub-Himalayan orogenic detritus, folded tightly (as a wrench belt) 

about north-trending axes, with structural complexity increasing eastward toward the 

Indo-Burman Ranges. The dividing line between the extensional western basin and 

the compressive wrenched eastern margin is approximately marked by the 90th 

Meridian. 

The eastern fold belt marks the outermost part of the zone of compression 

between the west Burma block and the Indian plate (Fig. 7). The north-south-trending 

folds in this belt decrease in amplitude and become broader and less complex 

westward.  Intensity of folding rapidly attenuates westwards; the central and western 

parts of the basin are relatively undeformed. Some structures show evidence of more 

than one phase of deformation. The age of folding ranges from the Pliocene to Recent. 
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Figure 7. Structural elements of Bengal basin showing the extent of continental and 
oceanic crusts, Eocene shelf-slope break, Dauki fault separating Shillong Plateau and 
Sylhet trough, and anticlinal trends in eastern Bengal basin (after Hoque, 1982). 
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The Sylhet trough is a subbasin of the Bengal Basin in northeastern 

Bangladesh. It is characterized by a large, closed, negative gravity anomaly (as low as 

-84 milligals; Mirkhamidov and Mannan, 1981; Fig. 8). The Sylhet trough has 

minimal topography and is actively subsiding (Holtrop and Keizer, 1970). Estimates 

of sediment thickness in the Sylhet trough range from about 12 to 16 km (Hiller and 

Elahi, 1984). The eastern part of the Sylhet trough lies in the frontal zone of the Indo-

Burman Ranges. 
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Figure 8. Bouguer gravity-anomaly map of the Bengal Basin (after Geological Survey 
of Bangladesh and USGS, 1990). 
 
 
 
 
 
 
  
 
 

 

 

Sylhet TroughSylhet Trough
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2.5 ASSAM BASIN  

The following structural elements are important in and around the Assam 

Basin: (1) Upper Assam Plains; (2) Schuppen Belt; (3) Kohima-Patkai  synclinorium; 

and (4) Eastern Zone, including the Ophiolitic Belt (Fig. 1). The upper Assam Plains 

is the alluvial plain of the Brahmaputra River and forms a part of the shelf of the 

Assam-Arakan Basin. It represents a depressed, northeastern extension of Shillong-

Mikir Hills that was down-faulted sometime during the Upper Cretaceous (Das Gupta 

and Biswas, 2000). The plain is bounded by the Himalayas to the north, by the 

Mishmi hills to the east, and by the raised rim of the Assam-Arakan Basin to the south 

(Fig. 3). 

The Schuppen belt in the Upper Assam Plains, which contains the Assam 

Basin localities addressed in the current study, is an imbricate fault belt bounded by 

the Naga thrust in the northwest and Disang thrust in the southeast (Fig. 9). The belt is 

20 to 25 km wide and extends for more than 200 km along strike from the Mishmi 

thrust in the NE to the Maibong thrust in the SW, where the Naga and Disang-

Haflong thrusts meet. Each thrust slice has a homoclinal dip towards the southeast. 

The Naga thrust is a complex set of westerly faults that have preserved anticlinal folds 

with steep NW flanks and gentle SE flanks. The southeastern margin of the Schuppen 

belt is marked by the Disang thrust. The southwestern continuation of the Naga thrust 

and the Disang thrust is known as the Haflong thrust, which farther westward 

becomes part of the Dauki fault (Fig. 3; Johnson and Nur Alam, 1991). 
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The Kohima-Patkai synclinorium is developed in the southern and 

southeastern parts of the Schuppen belt and includes the folded belt of the Surma 

basin (Fig. 3; Dasgupta, 1984). This Miocene basin contains a series of north-south- 

trending anticlinal ridges and a synclinal valley forming an arcuate belt with 

convexity towards the west. Structural complexity of the fold belt increases towards 

the east. Large-scale, regional folds of the Surma basin and the imbricate thrust belt of 

the Naga Hills developed in response to subduction of the Indian plate underneath the 

Burmese plate (Saikia, 1999). 

 
The Eastern Zone, including the Ophiolite belt, consists of the Naga 

Metamorphic belt, ophiolite belt, and the Disang belt. The pre-Mesozoic Naga 

Metamorphic belt consists of low- to medium-grade metamorphic rocks that are thrust 

westward over the Ophiolite belt. The Ophiolite belt reaches a maximum width of 15 

km and extends for 200 km in Nagaland and Manipur (Fig. 10; Hutchison, 1975). The 

following lithotectonic units have been recognized in the Ophiolite belt by 

Venkataraman et al. (1986): (1) ultramafic complexes consisting of tectonized 

peridotite and cumulate ultramafics; (2) a gabbro complex, divided into layered and 

massive gabbro; (3) diabase dikes; (4) a mafic volcanic complex; (5) plagiogranite 

occurring as veins, dikes, and small stocks within mafic rocks; and (6) associated 

sediments such as radiolarian cherts, limestones, and shales interbedded with 

volcanics. Rock types, their mode of occurrence, and their petrological characteristics 

suggest that these ophiolites are of alpine-type affinities (Duarah et al., 1983). 
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Figure 10. Map showing important structural units of the Indo-Burman orogenic belt 
(after Saikia, 1999). MBT-Main Boundary Thrust, EBT-Eastern Boundary Thrust, 
NT-Naga Thrust, DT-Disang Thrust, DF-Dauki Fault, LT-Luhit Thrust, MT-Mixu 
Thrust, BR-Brahmaputra River. 
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CHAPTER 3: STRATIGRAPHY AND SEDIMENTATION 

3.1 INTRODUCTION 

The stratigraphic scheme of the Bengal Basin was originally established based 

on exposures along the fold belt in the eastern part of the basin and lithostratigraphic 

correlation to type sections of the Assam Basin (Evans, 1964; Khan and Muminullah, 

1980). Seismostratigraphic correlations have subsequently refined the conventional 

stratigraphic framework for most parts of the Bengal Basin (Hiller and Elahi, 1984).   

The Bengal Basin is also well known for the development of a thick (22 km) 

sedimentary succession (Curray, 1991; Curray and Munasinghe, 1991) that has long 

been of interest to the petroleum exploration industry. Sedimentation in the Bengal 

Basin is considered to have occurred in five phases: (1) Permo-Carboniferous to early 

Cretaceous; (2) Cretaceous-Mid-Eocene; (3) Mid-Eocene-Early Miocene; (4) Early 

Miocene-Mid-Pliocene; and (5) Mid-Pliocene-Quaternary (Alam et al., 2003). Each of 

these sedimentation phases was controlled by tectonic cycles, which involved the 

interaction and collision of the major plates. In terms of the tectonic evolution of the 

basin, these five phases correspond to the following tectonic stages, respectively: (1) 

syn-rift stage; (2) drifting stage; (3) early collision stage; and (4) and (5) late collision 

stage.  

 The stratigraphy of the Assam Basin was developed on the basis of extensive 

lithological and paleontological studies (Sinha and Sastri, 1973, Bhandari et al., 1973, 

Rangarao, 1983). Like clastic wedges in other foreland basins, stratigraphic units of 

the Assam-Bengal basin system are generally time-transgressive and reflect broad 
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changes in depositional environments (Evans, 1964). Paleozoic and Pre-Cretaceous 

rocks have not been recorded in any of the wells drilled in the Assam Valley, although 

their presence in front of the Assam Himalayas and Mishmi hills has been inferred 

(Rangarao, 1983).  

Cenozoic stratigraphic successions in the Assam-Bengal basins are shown in 

Tables 1 and 2 and Figure 11.  
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Table 1. Generalized Cenozoic stratigraphy of the Bengal Basin (after Uddin et al., 
2007). 
 

Age Unit Thickness 
(m) Lithology 

 
Pliocene to 
Pleistocene 

Dihing 

 

Dupi Tila 
Sandstone 

 
129 

 

300-500 

Yellow and grey, medium-grained, 
occasionally pebbly sandstone 

Medium-to coarse-grained, 
massive to cross-bedded, 
polychromatic sand(stone) with 
pebbles and clay galls 

 
 
 
Late 
Miocene to 
Pliocene 
 

 
 
 
Tipam  
Group 
 
 

 
Girujan  
Clay 
 
 
Tipam  
Sandstone 
 

 

70-1000 

 

 

80-1100 

 

 
Brown to blue mottled clay with 
calcareous nodules 
 
Yellow-brown to orange, medium-
to coarse-grained, massive and 
cross-bedded, sand(stone) with 
pebbles and coal fragments 
 

 

Middle to 
Late 
Miocene 
 
 
Early to 
Middle 
Miocene  

 
 
 
 
 
Surma  
Group 

 
 
Boka Bil  
Formation 
 
 
 
Bhuban  
Formation 
 
 

 
 

300-1400 
 
 

 
 

250-1700 

Alternation of bedded and rippled 
mudstone, siltstone, and sandstone 
with calcareous concretions; top is 
marked by the "upper marine 
shale" 

Light gray to light yellow, bedded 
siltstone, sandstone and sandy mud 
in top unit; blue to yellowish gray 
silty and sandy mudstone in the 
middle unit; bedded siltstone, 
sandstone and sandy mud in the 
lower unit 

Oligocene Barail Formation 45-1600 Pink, massive,  medium-to coarse-
grained sand(stone) 

Late 
Eocene Kopili Formation 7-150 

 
Thinly bedded, fossiliferous  
mudstone 

Middle 
Eocene  Sylhet Limestone 90-240 Nummulitic limestone 

 
Early 
Eocene Tura/Cherra 

Sandstone 
240 White, pink to brown, coarse-

grained, cross bedded, 
carbonaceous sandstone 
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Table 2. Generalized Cenozoic stratigraphy of the Assam Basin (after Uddin et al., 
2007). 
 

Age Unit Thickness 
(m) Lithology 

Pleistocene  Dihing 
Formation >500 Sandstones with 

carbonaceous shale 

Pliocene  

Moran 
Group Namsang 

Formation >1000 Sandstones and clays 
with thin bands of coal  

Girujan 
Clay 

 
2300 

Clay with siltstone and 
sandstone 
“alternations” Mio-

Pliocene 
Tipam 
Group Tipam 

Sandstone 2300 Sandstones with rare 
thin clay bands 

Boka Bil 
Formation 400 

Gray shale, associated 
with sandstone 

Upper 
Bhuban 

Formation 
400 

Fine-grained sandstone, 
silt, shale, and 
mudstone 

 
 
 
 
Miocene 

Surma 
Group 

Lower 
Bhuban 

Formation 
>450 

Sandy shale, mudstone, 
and siltstone 

Tikak 
Parbat 

Formation 
700 

Sandstones, thin-
bedded grey sandy 
siltstone 

Baragolai 
Formation 2700 

Predominantly shale 
with subordinate thin 
sandstone beds and 
prominent coal seams 

 
Eocene to 
Oligocene  

Barail 
Group 

Naogaon 
Formation 1040 

Thinly bedded 
sandstone, thin 
subordinate shale 

Upper 
Disang 

Formation 
>1000 

Dark-gray, splintery 
shale rich in 
carbonaceous matter 
and massive siltstone 
with concretions  Eocene Disang Lower 

Disang 
Formation 

(not 
exposed) 

>1000 

Fine-grained sandstone 
with subordinate shale 

Pre-Eocene 
Deragaon Formation 

(not exposed) ~250 
Inferred to be fine 
grained sandstones and 
argillites 
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3.2 BENGAL BASIN 
 

The oldest sediments in the Bengal Basin comprise a Gondwanan [Late 

Carboniferous (?) to Permian] continental succession deposited prior to the 

continental break-up and preserved in intrashelf grabens (Banerjee, 1981; Salt et al., 

1986, Lindsay et al., 1991; Shamsuddin and Abdullah, 1997). This continental 

succession is overlain by Jurassic basaltic and andesitic volcanics of the Rajmahal 

Trap Formation. The succeeding Late Cretaceous to Eocene sediments correspond to 

a post break-up but precollision phase (drift stage). These are represented in the 

Platform area by a 300-m-thick interval of Cretaceous-Early Eocene shallow-marine 

sandstones and shales assigned to the Cherra/Tura Formation. These are overlain by 

the Middle Eocene open-marine Sylhet Limestone (presence of nanno-fossils and 

foraminifera) and the Late Eocene marine Kopili Shale (Reimann, 1993; Shamsuddin 

et al., 2001; Chowdhury et al., 2003). 

The Oligocene Barail Group has been interpreted to have been deposited in 

predominantly tide-dominated shelf environments (Alam, 1991). These strata are 

exposed along the northern fringe of the Sylhet trough near the Dauki fault area (Fig. 

12) and range in thickness from 800 meters (Johnson and Nur Alam, 1991) to 1600 

meters (Table 1; Ahmed, 1983). In the platform area, Barail equivalent rocks are less 

than 200 m thick and are known as the Bogra Formation (Khan and Muminullah, 

1980).  The upward transition the Barail Group to the Surma Group in Assam appears 

to reflect transgressive onlap (Banerji, 1981; Salt et al., 1986). This marine 

transgression on the shelf may be the result of major upthrust movement along the 

Dauki fault in the Early Miocene or subsidence associated with the approach of the 

subduction zone (Murthy et al., 1976; Fig. 13). 
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The Miocene Surma Group is traditionally divided into two units: the lower Bhuban 

and the upper Boka Bil formations ( Holtrop and Keizer, 1970; Hiller and Elahi, 1984; 

Khan et al., 1988), both of which extend throughout the Bengal Basin. The Surma 

Group was deposited in transitional delta front settings and comprises progradational 

sequences (Alam, 1989). The Surma Group is overlain unconformably by the Upper 

Miocene to Pliocene Tipam Group. The Tipam Group consists of the Tipam Sandstone 

and Girujan Clay, which were deposited in bed-load dominated, braided-fluvial, and 

lacustrine systems (Johnson and Nur Alam, 1991; Reimann, 1993). The Dupi Tila 

Formation, which caps the sequence, was deposited in meandering river environments 

(Fig. 14; Johnson and Nur Alam, 1991). 
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3.3 ASSAM BASIN 

Precambrian rocks of the Shillong Plateau and the Mikir Hills are locally 

overlain unconformably by a group of younger Proterozoic sediments, called the 

Shillong Series, and by Cretaceous sediments (Rahman, 1999). Gondwana sediments 

are present in Assam in block-faulted troughs within basement areas buried under the 

upper Mesozoic to Recent sediments. These sediments are primarily Permo-

Carboniferous and are dominated by coal-shale-sand sequences (Rangarao, 1983). 

During the early Cretaceous, intense volcanic activity in this region of India resulted 

in the Rajmahal Trap lava flows, which covered large areas under the Indo-Gangentic 

plains (Das Gupta and Biswas, 2000) and areas to the south of Assam, and the Sylhet 

Trap (e.g., Garo Hills in Shillong Plateau). These underlie Upper Cretaceous 

sediments and are believed to be of Early to Middle Cretaceous in age (110 to 133 

m.y.; Rangarao, 1983). The older Disang Group of sediments was deposited in the 

Eocene time in deep to shallow-water environments. The Disang Group is considered 

as the deep marine facies equivalent of the Sylhet and Kopili formations of Eocene 

age (Rangarao, 1983). The Disang Group is overlain by the Oligocene Barail Group 

(>4 km thick), which comprises three formations: Naogaon, Baragolai, and Tikak 

Parbat (Table 2). These units represent deposition in shallow marine to tidal settings 

(Rangarao, 1983). The Miocene Surma Group was deposited in a variety of 

depositional environments, ranging from deep marine to deltaic. The Mio-Pliocene 

Tipam Group overlies the Surma Group (~ 500 to 2300 m thick) and was deposited 

under fluvial conditions (Figs. 9 and 14). The Plio-Pleistocene Moran Group also 

accumulated in fluvial environments. 
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CHAPTER 4: SANDSTONE PETROGRAPHY 

4.1 INTRODUCTION 
 

Sandstone petrography deals with quantitative detrital modes, calculated from 

point counts of thin sections to infer the sandstone provenance and tectonic setting 

(Dickinson and Suczek, 1979; Ingersoll and Suczek, 1979; Dickinson et al., 1982, 

Dickinson, 1985; Ingersoll et al., 1995; Wanas and Abdel-Maguid, 2006). Proportions 

of detrital framework grains are plotted on various ternary plots, from which various 

tectonic settings can be distinguished (Graham et al., 1976; Ingersoll, 1978; Dickinson 

and Suczek, 1979; Ingersoll et al., 1984; Bernet et al., 2007; Ingersoll and Eastmond, 

2007). Composition of detrital sediments is controlled by various factors, including 

source rocks, modes of transport, depositional environments, climate, and diagenesis. 

Provenance studies that focus on some key attributes of detrital mineralogy provide 

important constraints on basin evolution and unroofing history of mountain belts 

(Dorsey, 1988; Uddin and Lundberg, 1998a, b). Reconstruction of provenance from 

detailed modal analyses is based on the assumption that modes of transportation, 

depositional environments, climates, and diagenesis have not significantly altered 

detrital grain composition (Basu, 1976). 

This chapter describes the petrology and modal analysis of Cenozoic 

sediments deposited in the Assam and Bengal basins in the eastern Himalayas. 

Petrographic studies describe textural and mineralogical relationships of individual 



 38

grains and show variations in framework grains in order to understand tectonic 

evolution and provenance (Dickinson and Suczek, 1979; Dickinson et al., 1982; 

Ingersoll et al., 1984; Garzanti et al., 2007). 

Sandstone compositional studies involve consideration of both mono- and 

polycrystalline framework grains in order to understand tectonic evolution and 

provenance (Dickinson and Suczek, 1979; Ingersoll et al., 1984; Ingersoll et al., 1995; 

Bernet et al., 2007; Ingersoll and Eastmond., 2007). Monocrystalline grains are 

counted as mineral grains (monocrystalline quartz, feldspar, etc), and polycrystalline 

grains are counted as lithic fragments (e.g., polycrystalline quartz grains and 

sedimentary, metamorphic, or volcanic lithic fragments, etc).  

 

4.2 METHODS 
 
 Thirty-five sand(stone) samples of Cenozoic age from the Assam and Bengal 

basins were analyzed for this study. Bengal Basin samples were collected from well-

exposed sequences from the Sylhet trough and Ulahtaung anticline (Figs. 4 and 5). 

Assam Basin samples were collected from four surface sections in the Digboi-

Margherita area of upper Assam (Fig. 6). Petrographic modal analyses were 

conducted following the Gazzi-Dickinson method, where sand-sized minerals 

included in lithic fragments are counted as the mineral phase rather than the host lithic 

fragment in order to normalize for grain-size variation (Table 3; Dickinson, 1970b; 

Ingersoll et al., 1984). Thin sections were stained for plagioclase and potassium 

feldspars. A minimum of 300 points were counted from each sample.  

Modal sandstone compositions were plotted on standard ternary diagrams 

(QtFL, QmFLt, QmPK, LsLvLm, LsLm1Lm2, etc.) and used to assess temporal 

changes in provenance (Dickinson, 1970a; Dorsey, 1988). The following 
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compositional parameters were evaluated: Qt = total quartz; Qm = monocrystalline 

quartzose grains; Qp = polycrystalline quartz grains, including chert grains; F = total 

feldspar grains; P = plagioclase feldspar grains; K = potassium feldspar grains; L = 

lithic fragments, excluding Qp; Lt = total lithic fragments, including Qp; Ls = 

sedimentary lithic fragments; Lv = volcanic lithic fragments; Lm =metamorphic lithic 

fragments; Lsm = sedimentary and metasedimentary lithic fragments; Lvm = 

volcanic, hypabyssal, metavolcanic lithic fragments; Lm1 =very low- to low-grade 

metamorphic lithic fragments; and Lm2 = low- to intermediate-grade metamorphic 

lithic fragments (Table 3). 
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Table 3. Recalculated modal parameters of sand and sandstones (Uddin and 
Lundberg, 1998a). 
 
 
1. Primary parameters 
 (Dickinson and Suczek, 1979; Dorsey, 1988) 
 
    Qt = Qm + Qp, where 
 Qt  = total quartzose grains 
 Qm =  monocrystalline quartz (> 0.625 mm) 
            Qp  = polycrystalline quartz (or chalcedony) 
 
Feldspar Grains (F = P + K) 
                F   = total feldspar grains 
                P   = plagioclase feldspar grains 
                K  = potassium feldspar grains 
 
Unstable Lithic Fragments (Lt = Ls + Lv +Lm) 
                Lt  = total lithic fragments, including Qp 
                Lv = volcanic/metavolcanic lithic fragments 
                Ls  = sedimentary/metasedimentary lithic fragments 
                Lm = metamorphic lithic fragments 
                L    = total unstable lithic fragments, excluding Qp 
 
2. Secondary parameters 
  (Dickinson, 1970a; Uddin and Lundberg, 1998a) 
         
                 P/F  = Plagioclase/ total feldspar 
                 Lm1 = Very low- to low-grade metamorphic lithic fragments 
                 Lm2 = Low- to intermediate-grade metamorphic lithic fragments 
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 4.3 PETROGRAPHY 

 Sandstones from the Oligocene Barail Group of the Bengal Basin are 

generally quartzolithic, with very low feldspar contents. The Miocene Surma 

Sandstone, the Mio-Pliocene Tipam Sandstone, and the Pliocene Dupi Tila Formation 

from Bengal Basin are quartzolithic to quartzofeldspathic. Point-counting data for 

both Bengal and Assam basins are presented in Tables 4 and 5. Petrographic results 

for sandstones from Bengal and Assam basins are described below, from oldest to 

youngest. 

 

4.3.1 Barail Group from the Bengal Basin 

 Seven sandstones, mostly medium- to fine-grained, from the Oligocene Barail 

Group of the Bengal Basin were studied. These samples are generally quartzolithic 

with low feldspar contents. All the samples are dominated by mostly monocrystalline 

quartz grains with few detrital chert and polycrystalline quartz grains (Fig. 15A). The 

average composition of Barail Group sandstone is Qt83F3L14. Volcanic rock fragments 

are absent. Most of the samples contain abundant sedimentary lithic fragments, while 

some contain low- to medium-grade metamorphic rock fragments (Fig. 15A).     

 

4.3.2 Surma Group from the Bengal Basin 

 Seven samples of Miocene Surma Group were examined for this study. 

Feldspar content in these Miocene sandstones is significantly higher than in the 

Oligocene Barail Group (Fig. 15B). Surma Group sediments are mostly quartzolithic 

to quartzofeldspathic (Qt59F18L23). They are fine- to medium-grained and  
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Table 4. Normalized modal compositions of sandstones of various Cenozoic units 
from the Bengal Basin. 
 
Sample ID Qt F L Qm F Lt Qm P K Ls Lv Lm Ls Lm1 Lm2
Dupi Tila Fm
SD 01 58 18 24 48 18 34 73 14 14 61 20 20 75 9 15
SD 02 50 23 27 39 23 38 62 15 22 59 15 26 70 13 17

MEAN 54 21 25 43 21 36 67 15 18 60 17 23 73 11 16
STDEV 6 4 2 7 4 3 7 1 6 1 3 4 4 2 2
Tipam Group
STM 02 53 21 26 41 21 38 66 11 23 78 0 23 78 15 8
STM 04 61 12 27 47 12 41 80 4 17 89 0 11 89 5 6
STM 06 63 14 23 50 14 36 78 11 11 74 3 23 81 16 4
UTM 03 51 11 39 38 11 52 69 10 21 73 13 14 84 8 8

MEAN 57 14 29 44 14 42 73 9 18 79 4 18 83 11 6
STDEV 6 5 7 6 5 7 7 3 5 7 6 6 5 5 2
Surma Group
FN 07 63 14 23 56 14 30 80 13 7 91 0 9 91 9 0
FN 26 72 12 16 62 12 26 84 11 6 76 0 24 76 20 4
TBH 01 71 11 17 61 11 28 85 8 7 87 0 13 87 8 6
SBK 02 58 21 20 49 21 29 70 14 16 81 0 19 81 16 4
SBK 01 60 19 21 51 19 30 72 14 14 83 0 17 83 17 0
UTBH 12 43 25 31 38 25 37 60 22 19 70 9 21 77 19 4
UTBH 11 44 25 31 33 25 42 56 25 18 57 14 29 67 19 15

MEAN 59 18 23 50 18 32 72 15 12 78 3 19 80 15 5
STDEV 12 6 6 11 6 6 11 6 6 11 6 6 8 5 5
Barail Group
SBR 02 90 3 7 82 3 15 97 2 1 96 0 4 100 0 0
SBR 04 79 4 17 72 4 24 95 4 1 62 0 38 62 11 27
SBR 06 92 2 6 84 2 15 98 1 1 84 0 16 84 11 5
SBR 09 79 3 18 72 3 25 96 2 1 82 0 18 82 14 4
SBR 10 79 4 17 75 4 21 96 1 3 89 0 11 89 7 4
SBR 11 77 4 19 69 4 27 95 1 4 80 0 20 80 15 5
SBR 12 85 2 13 77 2 21 97 0 3 62 0 38 62 26 13

MEAN 83 3 14 76 3 21 96 2 2 79 0 21 80 12 8
STDEV 6 1 5 5 1 5 1 1 1 13 0 13 14 8 9  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 43

Table 5. Normalized modal compositions of sandstones of various Cenozoic units 
from the Assam Basin. 
 
Sample ID Qt F L Qm F Lt Qm P K Ls Lv Lm Ls Lm1 Lm2
Tipam Group
ATM 01 47 13 40 43 13 43 76 18 5 78 1 21 79 6 15
ATM 02 58 6 36 46 5 48 89 9 2 89 0 11 89 5 7
ATM 03 54 9 37 46 9 46 84 12 4 81 0 19 81 8 12

MEAN 53 9 38 45 9 46 83 13 4 83 0 17 83 6 11
STDEV 6 4 2 2 4 3 7 5 2 5 0 5 5 2 4
Surma Group
ASU 01 75 0 25 66 0 34 100 0 0 100 0 0 100 0 0
ASU 02 61 5 33 52 5 42 91 7 2 97 0 3 97 2 2

MEAN 68 3 29 59 3 38 95 4 1 98 0 2 98 1 1
STDEV 10 4 6 10 4 6 7 5 1 2 0 2 2 1 1
Barail Group
ABR 02 64 7 29 57 7 36 90 8 2 73 2 24 75 12 13
ABR 04 67 3 30 51 3 46 95 4 1 80 0 20 80 10 10
ABR 05 62 5 33 45 5 50 89 9 1 73 0 27 73 9 17
ABR 06 53 8 39 38 8 54 83 16 1 79 2 19 81 7 13
ABR 07 55 11 34 45 11 44 80 19 1 79 1 20 80 10 10
ABR 08 54 10 36 45 10 45 82 10 9 78 4 18 81 7 12

MEAN 59 7 34 47 7 46 86 11 3 77 1 21 78 9 12
STDEV 6 3 4 6 3 6 6 5 3 3 1 3 3 2 3
Disang Group
AD 01 58 3 40 40 3 58 94 6 0 55 1 44 56 24 20
AD 02 50 4 47 38 4 58 91 8 1 61 0 39 61 27 12
AD 03 56 6 38 50 6 44 90 8 2 57 4 38 60 13 27
AD 04 59 6 34 45 6 49 87 10 3 70 4 26 73 9 19

MEAN 56 5 40 43 5 52 90 8 1 61 2 37 62 18 19
STDEV 4 2 5 5 2 7 3 2 1 6 2 7 7 9 6  
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                                                                (A) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(B) 
 
Figure 15. Representative photomicrographs of sandstone from (A) Oligocene Barail 
Group (crossed polar), and (B) Miocene Surma Group sandstone (crossed polar) from 
Bengal Basin. 
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subangular to subrounded. Quartz grains are mostly monocrystalline and highly 

undulose. Feldspars occur in significant abundance, and the abundances of plagioclase 

feldspar and potassium feldspar are approximately equal (Fig. 15B). Most of the 

feldspars are unaltered and can be easily identified due to staining. These samples are 

also rich in lithic fragments; sedimentary and low- to medium-grade metamorphic 

lithic fragments are most common, although a few samples contain high-grade 

metamorphic rock fragments. 

 

4.3.3 Tipam Group from the Bengal Basin 

 Four samples of the Mio-Pliocene Tipam Group from the Bengal Basin were 

analyzed. Sandstones from this group are fine- to medium-grained, quartzolithic to 

quartzofeldspathic (Qt57F14L29), and contain mono- and polycrystalline quartz, 

abundant feldspar, and lithic grains. Monocrystalline grains are strongly undulose. 

Some chert and polycrystalline quartz are present (Fig. 16A). These middle Miocene 

rocks are rich in feldspar, and potassium feldspar dominates over plagioclase feldspar. 

Lithic fragments are common in these samples. Sedimentary lithic fragments are most 

abundant, although some volcanic and low-grade metamorphic fragments also are 

observed. 

 

4.3.4 Dupi Tila Formation from the Bengal Basin 

Only two samples of the Pliocene Dupi Tila Formation from the Bengal Basin 

were studied for this research. Sandstones from the Dupi Tila Formation consist 

predominantly of quartz, feldspar, and lithic fragments. These sandstones are also  
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                                                           (A) 
 

 
 
                                                                (B) 
Figure 16. Representative photomicrographs of sandstone from (A) Mio-Pliocene 
Tipam Group (crossed polar), and (B) Pliocene Dupi Tila Formation (crossed polar) 
from Bengal Basin. 
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quartzolithic to quartzofeldspathic (Qt54F21L25). Lithic fragments are clearly visible in 

thin section (Fig. 16B), and most consist of quartzite, slate, phyllite, siltstone, and 

argillite. Sedimentary lithic fragments are dominant over metamorphic lithic 

fragments.  

 

4.3.5 Disang Group from the Assam Basin 

Four sandstone samples of the Disang Group from the Assam Basin were 

analyzed. Most of these are very fine-grained. They are quartzolithic with low 

feldspar and high lithic contents. The average composition of Disang group sandstone 

is Qt56F5L40. Monocrystalline quartz grains are dominant and are angular to 

subrounded (Fig. 17A). Lithic fragments are mainly detrital chert, slate, quartzite, and 

schist. Volcanic lithic fragments are minor (Table 5).  

 

4.3.6 Barail Group from the Assam Basin 

Six samples from of the Barail Group from Assam were studied. The late 

Eocene-Oligocene Barail Group is characterized by quartzolithic sandstones. The 

modal composition of sandstone from the Barail Group is Qt59F7L34. Lithic grains 

mostly consist of sedimentary and metamorphic fragments; volcanic fragments are 

rare (Fig. 17B). Feldspars are dominated by plagioclase. Lithic fragments consist of 

chert, schist, phyllite, slate, quartzite, and siltstone.  
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     (A) 

 

Figure 17. Representative photomicrographs of sandstone from (A) Eocene Disang 
Group (crossed polar), and (B) Oligocene Barail Group (crossed polar) from Assam 
Basin. 
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4.3.7 Surma Group from the Assam Basin 

Two Surma Group samples from the Assam Basin were analyzed. The Surma 

Group was deposited over an unconformity, which marks the Oligocene-Miocene 

transition in the Assam Basin. The Surma Group sandstones (Qt68F3L29) are 

quartzolithic with high quartz contents. Quartz grains are angular to subrounded, 

mainly monocrystalline, and highly undulose (Fig. 18A). The sandstones are rich in 

lithic fragments consisting of schist, quartzite, slate, detrital chert, phyllite, argillite, 

and siltstone. Volcanic and metamorphic lithic grains are rare to absent in Surma 

Group sandstones. 

 

4.3.8 Tipam Group from the Assam Basin 

Three samples were analyzed from the Mio-Pliocene Tipam Group (Tipam 

Sandstone). The Tipam Sandstone is quartzolithic (Qt47F13L40) but contains more 

feldspar than other sandstones in the Assam Basin (Fig. 18B). Feldspars are 

predominantly plagioclase. Lithic fragments are dominated by sedimentary rock 

types, but also include low- to intermediate-grade metamorphic rocks.  
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(A) 

 

 

 

 

 

 

 

 

 

 

(B) 

Figure 18. Representative photomicrographs of sandstone from (A) Miocene Surma 
Group (crossed polar), and (B) Pliocene Tipam Group (crossed polar) from Assam 
Basin. 
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4.4 SANDSTONE MODE AND PETROFACIES EVOLUTION 

 Ternary diagrams reflecting modal analyses of the major stratigraphic units 

from the both Bengal and Assam basins are presented in Figures 19 through 28. 

Cenozoic sands from both basins are dominated by quartz, feldspar, mica, lithic 

fragments. Most quartz grains are sand to silt-sized, monocrystalline, and angular to 

subrounded. Lithic fragments are mainly detrital chert and low- to intermediate-grade 

metamorphic rocks (i.e., slate, quartzite, and schists); volcanic lithic fragments are rare in 

all samples from both basins. Ternary diagrams of the major components show 

variations in sand composition throughout the Assam and Bengal basins samples. 

Plots of different lithic components (sedimentary lithic, Ls; very low- to low-grade 

metamorphic lithic, Lm1; and low- to medium-grade metamorphic lithic, Lm2) reflect 

the unroofing trend in source area.  

The Oligocene Barail Group samples from the Bengal Basin are highly quartz 

rich and plot in the ‘recycled orogenic’ provenance field on QtFL and QmFLt 

diagrams (Figs. 19 and 20). High percentages of quartz and rarity of feldspar grains 

indicate erosion from a low-relief area under strong chemical weathering regimes. 

Oligocene Barail sediments in the Bengal may have been derived from the Indian 

craton to the west and deposited on the passive continental margin. The Bengal Basin 

was positioned further south and distant from the Himalayas during Oligocene. The 

Himalayas were more than 1500 km north of the Bengal Basin during Eocene and 

Oligocene time (Le Fort, 1996). Hence, a Himalayan source seems unlikely for the 

Oligocene sediments in the Bengal Basin. The Indo-Burman Ranges to the east could 

be a secondary source for the Oligocene Barail sands in the Bengal Basin.  
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Figure 19. QtFL plot showing composition of Bengal Basin sandstones. Provenance 
fields are from Dickinson (1985). 
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Figure 20. QmFLt plot of Bengal Basin sandstones, showing mean and standard 
deviation polygons for each stratigraphic unit, along with appropriate provenance 
fields from Dickinson (1985). Chert and other polycrystalline quartz grains are 
included in the total lithic counts. 
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Figure 21. QmPK plot for the Bengal Basin sandstones, showing mean and standard 
deviation polygons for each stratigraphic unit. 
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Figure 22. LsLvLm plot showing variations in the composition of lithic fragments in 
Bengal Basin. Ls = sedimentary lithic fragments, Lv = volcanic lithic fragments, and 
Lm = low- to intermediate-grade metamorphic rock fragments. 
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Figure 23. LsLm1Lm2 plot showing variations in the composition of lithic fragments 
in Bengal Basin. Ls = sedimentary lithic fragments, Lm1 = very low- to low-grade 
metamorphic rock fragments, and Lm2 = low- to intermediate-grade metamorphic 
rock fragments. 
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Figure 24. QtFL plot showing composition of Assam Basin sandstones. Provenance 
fields are from Dickinson (1985). 
 



 58

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25. QmFLt plot of Assam Basin sandstones, showing mean and standard 
deviation polygons for each stratigraphic unit, along with appropriate provenance 
fields from Dickinson (1985). Cherts and other polycrystalline quartz grains are 
included in Lt. 
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Figure 26. QmPK plot for Assam Basin sandstones, showing mean and standard 
deviation polygons for each stratigraphic unit. 
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Figure 27. LsLvLm plot showing variations in the composition of lithic fragments in 
Assam Basin. Ls = sedimentary lithic fragments, Lv = volcanic lithic fragments, and 
Lm = low- to intermediate-grade metamorphic rock fragments. 
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Figure 28. LsLm1Lm2 plot showing variations in the composition of lithic fragments 
in Assam Basin. Ls = sedimentary lithic fragments, Lm1 = very low- to low-grade 
metamorphic rock fragments, and Lm2 = low- to intermediate-grade metamorphic 
rock fragments. 
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The Miocene, Mio-Pliocene, and Pliocene sediments from Bengal Basin plot 

in the ‘recycled orogenic’ field on the QtFL diagram and in both ‘recycled orogenic’ 

and ‘mixed’ fields on the QmFLt diagram (Figs. 19 and 20). Monocrystalline (QmPK) 

components of sands show that potassium feldspar grains are more abundant than 

plagioclase and increase upward through the section (Fig. 21). The increase of 

feldspar grains and lithic fragments in the post-Oligocene indicate the initial input 

from an orogenic source to the Bengal basin. This is interpreted to be the result of 

uplift and erosion of the Himalayas. Stream systems probably evolved during 

Miocene time and cut through the mountain belt to funnel voluminous detritus to the 

Bengal basin. The Indo-Burman Ranges to the east also may have contributed detritus 

to the Bengal Basin (Uddin and Lundberg, 1998a).  

Modal analyses of Eocene, Oligocene, and younger sandstones of the Disang 

Group, Barail Group, Surma Group, and Tipam Sandstone from the Assam Basin 

document compositions that are dominated by monocrystalline and polycrystalline 

quartz grains. Lithic fragments are most abundant in the Disang Group (Qt56F5L40), 

while other units have the following QtFL compositions (Barail: Qt59F7L34; Surma: 

Qt68F3L29, and Tipam: Qt53F9L38). Other ternary diagrams (QmFLt, QmPK, LsLvLm, 

and LsLm1Lm2) also indicate that sandstones from the Assam Basin have orogenic 

provenance signatures (Figs. 24-28). The Eocene Disang sandstones from Assam Basin 

are quartzolithic in composition with few feldspar grains. This composition strongly 

suggests that the Disang sandstones are orogenic, as these fall mostly in the ‘recycled 

orogenic’ provenance field (Dickinson, 1985), and are derived most likely from 

nearby eastern Himalayas and/or the Indo-Burman Ranges.  

The Oligocene Barail sandstones are quartzolithic, and like the Disang unit, are 

also orogenic. The increase in monocrystalline quartz in the upper Oligocene may be 
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attributed to a shift in provenance to recycled orogenic rocks in the Himalayas and the 

Indo-Burman Ranges, and deposition in deltaic plains. Miocene Surma sequences are also 

quartzolithic, and are most likely derived from the Himalayas and the Indo-Burman 

Ranges. Sediments in the Miocene-Pliocene Tipam Group are quartzolithic to 

quartzofeldspathic. Based on textural and compositional analyses, a nearby source is 

suggested. Possible sources include the Shillong Plateau to the west, Mishmi thrust to the 

northeast, and/or the Barail Range in the Kohima and Patkai Hills to the south. During the 

Miocene, the Himalayan foredeep was formed, indicating major tectonism in the 

Himalayas to north of the Assam-Arakan basin (Rangarao, 1983; DeCelles et al., 1998). 

Uplift of the Mishmi thrust, Shillong Plateau, and crystalline basement rocks in the 

Himalayas (Harrison et al., 1997; DeCelles et al., 1998) possibly could have contributed 

to the higher feldspar contents in the Tipam Sandstone.   

 

  

 




