
ABSTRACT

Stratigraphic sequences preserved in the
Bengal basin provide detrital information
that documents a significantly older history of
the eastern Himalaya than that available
from Ocean Drilling Program and Deep Sea
Drilling Project cores recovered from the
Bengal fan. The Bengal basin, formed as a re-
sult of the Himalayan collision, is located at
the juncture of the Indian craton to the west,
the Shillong massif and the Himalayan belt to
the north, and the Indo-Burman ranges to the
east. Modal analyses of Eocene and Oligocene
sandstones of the Cherra, Kopili, and Barail
Formations document compositions that are
dominated by subangular monocrystalline
quartz grains with scarce to no feldspar
grains, and few lithic fragments (Cherra and
Kopili: Qt99F1L0; Barail: Qt90F3L7; Qt—total
quartz, F—feldspar, L—lithic fragments).
These compositions are similar to sands de-
rived from the Indian craton, suggesting that
they underwent intense chemical weathering,
likely in a source with low relief and consider-
able transport. Himalayan tectonism during
this time was probably significantly more dis-
tant from the Bengal basin than at present.

Sandstones of the Miocene Surma Group
(Bhuban and Boka Bil Formations) are rich in
feldspar grains, argillite, and very low-grade
metamorphic lithic fragments (Bhuban:
Qt66F15L19; Boka Bil: Qt57F23L20) relative to
older sandstones, suggesting onset of uplift and
erosional unroofing in the eastern Himalaya,
and initiation of stream systems supplying oro-
genic detritus to the Bengal basin. Sands of the
upper Miocene to Pliocene Tipam Group and
the Pliocene–Pleistocene Dupi Tila Sandstone

contain abundant argillitic and low- to
medium-grade metamorphic lithic fragments
and feldspar grains (Tipam: Qt61F19L19; Dupi
Tila: Qt70F13L17), suggesting continued oro-
genic unroofing. These younger sands are rich
in potassium feldspar (P/F = 0.30, 0.20) relative
to plagioclase (P)-rich Bhuban and Boka Bil
sandstones (P/F = 0.66 and 0.48), suggesting a
granitic source, probably the Miocene
leucogranites of the High Himalayan Crys-
talline terrane.

These results document for the first time
contrasts in orogenic history recorded in the
Bengal system vs. western Himalayan foreland
basins. Sands deposited in the Bengal basin are
generally more quartzose and less lithic than
those from the western Himalayan foreland
basins, and pre-Miocene strata in the Bengal
system show little to no evidence of orogenic
activity. In part, this probably reflects west to
east progression of the Himalayan collision,
but it probably also results from sedimentary
systems propagating southward, ahead of the
advancing mountain belt as it has been consum-
ing the remnant ocean basin trapped between
the Indian craton and the Burmese block.

INTRODUCTION

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 subsiding foreland basins to the south (Burbank
et al., 1996), including the Bengal basin of
Bangladesh (Fig. 1). This basin is predominantly
a huge delta complex, covering about 144 000
km2 onshore and 63 000 km2 offshore, and con-
tains as much as 16 km of synorogenic Cenozoic
sequences derived from the eastern Himalayas
and the Indo-Burman ranges.

The timing of initial collision of the Indian
plate with Eurasia has been debated (Cochran,
1990; Butler, 1995). Suggestions range from the
Cretaceous-Tertiary boundary, on the basis of pa-
leomagnetic work (Klootwijk et al., 1992), to
various times in the Eocene (Rowley, 1996). An
early Eocene collision between Asia and sedi-
mentary rocks of the leading edge of India (a so-
called “soft” collision) at about the time of mag-
netic anomaly 22 at 53 Ma is suggested on the
basis of a 50% decrease in spreading rates in the
central IndianOcean (Sclater and Fisher, 1974).A
middle Eocene date is based on the similarity of
mammalian fossils between India and Mongolia
(Sahni and Kumar, 1974), and on paleomagnetic
dataand platemotions (Deweyet al., 1988).A late
Eocenecollisionhasbeenproposedon thebasisof
radiometric dating of plutonic rocks of the Trans-
(Tethys) Himalaya, inferred to represent 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
stratigraphic grounds, that initial collision
occurred between 66 and 55.5 Ma; there is firm
evidence of collision by 49 Ma (early–middle
Eocene time).This is considerably earlier than the
middle Miocene age, originally postulated by
Gansser (1964), for 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; Burchfiel,
1993). From 45 Ma to the present, India has ro-
tated 33° counterclockwise, the motion relative to
Asia having changed from predominantly north-
east to more northerly, accompanied by a 50% re-
duction in velocity. Most geological information
constraining the timing of collision has been pro-
duced 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
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(1937); relatively few hard data on collisional
timing have been reported from the eastern Him-
alayan foreland basin. Distal eastern equivalents
of the Siwalik sequences have been studied in the
Bengal fan (Fig. 1), in seismic surveys (Curray,
1991), and on two drilling legs (Deep Sea
Drilling Project [DSDP] Leg 22 and Ocean
Drilling Program [ODP] Leg 116; Ingersoll and
Suczek, 1979; Cochran, 1990; Amano and Taira,
1992). Drilling has recovered strata as old as
about 18 Ma, and detrital geochronology and iso-
topic studies of these strata indicate that orogen-
esis had begun prior to this time (e.g., Copeland
et al., 1990; France-Lanord et al., 1993, 1994).

The Bengal basin, the land pathway that
links the Himalaya to the Bengal fan, is a mod-
ern collisional foreland basin that contains both
pretectonic and syntectonic stratigraphic se-
quences. These sequences provide detrital in-
formation on the eastern Himalaya and record a
significantly older history than that available

from ODP and DSDP cores recovered from the
Bengal fan. Because of its location between the
eastern Himalaya and the Indo-Burman ranges,
Bengal basin sequences contain detrital sedi-
ments that yield information potentially relat-
ing 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. Quantitative analyses of
sands derived from the developing mountain
belt may help to evaluate the initiation and evo-
lution of orogenic uplift and consequent ex-
humation in this active continental collision.

This paper reports the results of a petro-
graphic investigation of Eocene through Pleis-
tocene sand and sandstone of the Bengal basin,
in order to interpret the tectonic history of the
eastern Himalayas and the Indo-Burman
ranges. Specifically, this paper addresses the
following questions. (1) How has the composi-
tion of Bengal basin sandstones varied through

Cenozoic time, and what do the changes ob-
served suggest about orogenic processes? 
(2) What source-rock types are suggested by
sandstone composition? (3) Can sandstone
modal data help constrain the unroofing history
of the eastern Himalaya, in particular the early
stages of orogenesis, predating the record ob-
tained from the Bengal fan?

BORDERING OROGENS

The 2500 by 300 km east-west Himalaya and
the 1500 by 230 km north-south Indo-Burman
ranges formed as India collided with Eurasia and
the Burma platelet. The Himalayan belt is made
up of four longitudinal lithotectonic units, juxta-
posed along generally north-dipping thrust faults
(Fig. 1). The lithologic and tectonic characteristics
of these belts remain constant over long distances
along strike (e.g., Gansser, 1964; Windley, 1983).
From south to north, these units are (1) the Sub-
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Figure 1. Location map of Bengal basin and adjacent regions, showing lithotectonic belts of Himalayan and Indo-Burman orogens and loca-
tions of units discussed in the text. Indian shield and Shillong Plateau expose Precambrian crystalline rocks. Deep Sea Drilling Project Sites 217
and 218 and area drilled by Ocean Drilling Program Leg 116 are shown on Bengal fan. Modified from Sengupta et al. (1990), Critelli and Garzanti
(1994), and Uddin and Lundberg (1998).



Himalaya, representing the Miocene to Pleisto-
cene molasse deposits of the Siwaliks, separated
from the Indo-Gangetic Plain by the Main Frontal
thrust; (2) the Lower, or Lesser, Himalaya, which
represent southward-directed thrusts and nappes
composed of Precambrian and Paleozoic sedi-
mentary 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
Eocene sedimentary rocks (shallow-water depos-
its, such as limestone, calcareous sandstone, and
dolomite), batholiths, and volcanic rocks. The su-
ture between India and Asia is marked by ophi-
olitic 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 pelagic strata
overlain by thick Eocene to Oligocene tur-
bidites and upper Miocene to Pleistocene mo-
lasse (Fig. 2; Brunnschweiller, 1966; Ni et al.,
1989). Several authors (e.g., Fitch, 1970; Ni et
al., 1989; Sengupta et al., 1990; Mitchell, 1993)
have suggested that the Indo-Burman ranges
are trench deposits containing ophiolite
melanges scraped off the subducting Indian
plate. East-west crustal compression is still ac-
tive in the Indo-Burman ranges, as evidenced
by north-trending folds of Pliocene–Pleisto-
cene strata (Le Dain et al., 1984). Studies of fo-
cal 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), pro-
ducing right-lateral slip along the Sagaing and
other faults located east of these ranges (Fig. 2;
Le Dain et al., 1984).

GEOLOGICAL FRAMEWORK OF 
THE BENGAL BASIN

The Bengal basin contains the confluence of
two of the great river systems of the world, the
Ganges, flowing from the west, and the Brahma-
putra, flowing from the north; both originate in the
Himalaya. Major streams from the Indo-Burman
ranges also join this system in Bangladesh, includ-
ing the Meghna, which flows from the northeast,
and the Karnafuli, which enters Bangladesh from
the southeast. The basin is bounded by the Indian
craton to the west; the Shillong Plateau (a Precam-
brian massif) to the adjacent north; and is open on
the south, extending into the Bay of Bengal, a rem-
nant-ocean basin (Graham et al., 1975; Ingersoll 
et al., 1995) containing the Bengal deep-sea fan
(Figs. 1 and 2).

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). 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 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
metasedimentary 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 precollisional strata interpreted as buried
continental rise and pelagic deposits.

STRATIGRAPHY

The stratigraphic framework of the Bengal
basin was originally established on the basis of
exposures along the eastern fold belts, explo-
ration drilling conducted in the 1930s, and by
lithostratigraphic correlation to type sections
in Assam, in northeastern India (Figs. 1 and 2).
This work has been refined by palynological
(Chowdhury, 1982; Wallid, 1982; Uddin and
Ahmed, 1989; Reimann, 1993; and unpublished
reports by Bangladesh Petroleum Exploration,
Inc. [BAPEX]), micropaleontological (Ahmed,
1968; Ismail, 1978; and unpublished reports
by Petrobangla), and seismic-stratigraphic
studies (Salt et al., 1986; Lindsay et al., 1991).

The pre-Tertiary stratigraphy of the Bengal
basin is known only from the northwest part of
the basin (Figs. 2 and 3). An ~1-km-thick
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Figure 2. Regional tectonic map showing tectonic elements of the Bengal basin. Hinge zone
separates the shallow “Indian platform” area from the region of thicker sediment accumulation.
The Barisal-Chandpur gravity high represents the boundary between continental crust to the
west and oceanic crust to the east. Modified from Johnson and Nur Alam (1991) and Uddin and
Lundberg (1998). Circled numbers 1, 2, 3, and 4 represent approximate locations of the strati-
graphic columns shown in Figure 3.



Permo–Carboniferous Gondwana bituminous
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; they were pene-
trated by drill holes in the northwest platform
area, and range in thickness from 169 to 360 m
(Fig. 3). Marine transgression followed deposi-
tion of this unit, leading to deposition of the
widespread middle Eocene nummulitic Sylhet
Limestone. This limestone reaches a thickness of
about 250 m in the Bengal basin, and is interbed-
ded with sandstone, some of which is exposed in
the Sylhet trough. The Sylhet Limestone is over-
lain by the 40–90-m-thick upper Eocene Kopili
Formation, which consists mostly of argillaceous
and fossiliferous materials, and represents a par-
alic transitional stratigraphic unit between middle
Eocene carbonate facies and mainly arenaceous
Oligocene sequences. The Oligocene Barail For-
mation was deposited during a marine regression.
The 800–1600 m Barail Formation is composed
of dominantly massive to thickly bedded sand-
stone interpreted by Banerji (1984) as estuarine
and deltaic deposits. These upper Eocene and
Oligocene strata are exposed in the Sylhet trough.

The Miocene Surma Group, consisting of the
Bhuban and Boka Bil Formations, was de-
posited during repeated transgressions and re-
gressions. 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. 3). In the northwestern stable shelf area,
the Surma Group is represented by the much
thinner (150 m to 1.3 km) Jamalganj Formation
(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 desig-
nated by Holtrop and Keizer (1970) as the “Up-
per Marine Shales,” representing the last
Miocene transgression.

The Surma Group is unconformably over-
lain by the upper Miocene to Pliocene Tipam
Group, consisting of the Tipam Sandstone For-
mation 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 inter-
preted to have been deposited in bedload-dom-
inated braided-fluvial environments (Johnson
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Figure 3. Summary stratigraphic sections in four areas of the Bengal basin. Approximate 
locations of the stratigraphic columns are shown in Figure 2. Most of the samples for this study
were collected from the Sylhet trough and Chittagong Hill Tracts in eastern Bangladesh.

TABLE 1. RECALCULATED SANDSTONE MODAL PARAMETERS USED IN THIS STUDY

1. Primary parameters (after Graham et al., 1976; Dickinson and Suczek, 1979; Dorsey, 1988)

Qt = Qm + Qp, where
Qt = total quartzose grains
Qm = monocrystalline quartzose grains
Qp = polycrystalline quartz grains, including chert grains

F = P + K, where
F = total feldspar grains
P = plagioclase feldspar grains
K = potassium feldspar grains

L = Ls + Lv + Lm = Lsm + Lvm = Ls + Lv + Lm1 + Lm2 = Lt - Qp, where
Ls = sedimentary lithic fragments, mostly argillites
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
Lm2 = low- to intermediate-grade metamorphic lithic fragments
Lt = total aphanitic lithic fragments 

2. Secondary parameters (after Dickinson, 1970)

P/F = plagioclase/ total feldspar grains
Lv/L = volcanic / lithic fragments
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TABLE 2. NORMALIZED MODAL ANALYSES OF SAND AND SANDSTONE FROM THE BENGAL BASIN, BANGLADESH

Sample number QtFL (%) QmFLt (%) QmPK (%) QpLsmLvm (%) LsLvLm (%) LsLm1Lm2 (%) P/F

Qt F L Qm F Lt Qm P K Qp Lsm Lvm Ls Lv Lm Ls Lm1 Lm2

Dupi Tila Sandstone
BNDR-14 64 11 25 56 11 33 84 5 11 23 77 0 46 0 54 46 37 17 0.32
BNDR-17 61 29 10 53 29 18 65 3 32 44 56 0 62 0 38 62 20 18 0.08
SNGR1-1 84 2 14 66 2 32 97 0 3 56 44 0 44 0 56 44 36 20 0.13
INANI-16 68 10 22 57 10 33 85 5 10 34 66 0 54 0 46 54 30 16 0.35
INANI-19 75 12 13 67 12 21 85 2 13 40 60 0 37 0 63 37 45 18 0.15
Mean 70 13 17 60 13 27 83 3 14 39 61 0 49 0 51 48 34 18 0.20
Std. Dev. 9 10 6 6 10 7 12 2 11 12 12 0 10 0 10 10 9 1 0.12

Tipam Group
STPR-1 58 17 25 54 17 29 76 0 24 11 89 0 66 0 34 66 26 8 0.00
STPR-2 50 25 25 47 25 28 65 2 33 10 90 0 82 0 18 82 13 5 0.07
STPR-9 53 29 18 50 29 21 63 23 14 16 84 0 67 0 33 67 29 4 0.62
BNDR-10 60 17 23 49 17 34 76 4 20 31 68 1 61 2 37 62 26 12 0.18
NHILA-6b 67 18 15 60 18 22 78 13 9 24 69 7 46 9 46 50 31 19 0.59
SKND-7 65 14 21 58 13 29 81 4 15 26 74 0 46 0 54 46 42 12 0.22
SKND-9 54 27 19 44 27 29 62 6 32 33 67 0 48 0 52 48 42 10 0.17
SKND-11 57 22 21 51 22 27 70 14 16 22 76 2 36 2 62 37 47 16 0.46
SKND-14 63 14 23 56 14 30 80 2 18 22 77 1 54 1 45 55 27 18 0.11
INANI-2 63 19 18 54 19 27 73 10 17 35 64 1 44 1 55 44 39 17 0.37
INANI-6 68 13 19 56 13 31 81 6 13 39 61 0 34 0 66 34 51 15 0.33
INANI-9 82 11 7 73 12 15 86 2 12 56 42 2 37 4 59 39 40 21 0.15
Mean 61 19 20 54 19 27 74 7 19 27 72 1 51 2 47 53 34 13 0.30
Std. Dev. 9 6 5 7 6 5 8 7 7 13 13 2 15 3 14 14 11 5 0.19

Boka Bil Formation
STPR-4 47 33 20 42 33 25 56 20 24 20 78 1 72 1 27 73 16 11 0.46
BNDR-6 55 29 16 49 29 22 63 17 20 30 63 7 58 10 32 65 23 12 0.46
OL-70/68 48 29 23 45 29 26 61 27 12 10 81 9 66 10 24 73 20 7 0.68
OL-71/118 57 22 21 50 23 27 69 10 21 24 69 7 61 8 31 66 27 7 0.33
NHILA-2 56 34 10 47 33 20 58 23 19 48 51 1 66 3 31 68 24 8 0.55
NHILA-3 52 28 20 41 28 31 60 14 26 34 61 5 62 7 31 67 23 10 0.36
NHILA-5 53 26 21 51 26 23 67 29 4 7 90 3 47 4 49 49 39 12 0.87
SSR-7 66 5 29 58 5 37 92 3 5 22 78 0 34 0 66 34 53 13 0.39
SSR-13 47 15 38 41 15 44 74 3 23 14 84 2 64 3 33 66 20 14 0.11
HRGJ-3 62 22 16 50 22 28 69 9 22 42 47 11 26 19 55 32 32 36 0.29
HRGJ-4 63 19 18 53 19 28 74 11 15 35 57 8 35 13 52 41 47 12 0.41
HRGJ-8 63 17 20 58 17 25 77 9 14 23 76 1 37 1 62 38 46 16 0.39
HRGJ-12 42 38 20 37 38 25 50 32 18 19 73 8 51 10 39 56 29 15 0.65
HRGJ-15 61 21 18 54 21 25 73 11 16 30 70 0 54 0 46 54 32 14 0.41
SNGR1-3 65 23 12 54 23 23 70 25 5 48 51 1 49 1 50 49 31 20 0.84
SKND-6 75 10 15 62 10 28 87 5 8 47 51 2 46 4 50 48 37 15 0.41
Mean 57 23 20 50 23 27 69 15 16 28 68 4 52 6 42 55 31 14 0.48
Std. Dev. 9 9 7 7 9 6 11 9 7 13 13 4 13 5 13 14 11 7 0.20

Bhuban Formation
BNDR-2 54 29 17 48 29 23 62 16 22 27 68 5 59 7 34 63 29 8 0.42
OL-37/13 49 41 10 42 41 17 51 34 15 39 52 9 55 14 31 64 29 7 0.69
OL-29/78 51 38 11 42 38 20 53 30 17 45 50 5 67 8 25 73 19 8 0.63
PA-11 65 22 13 50 22 28 70 23 7 53 46 1 56 1 43 57 24 19 0.78
HRGJ-1 70 16 14 67 16 17 81 14 5 20 76 4 67 4 29 71 24 5 0.74
KMTA1-23 72 7 21 65 7 28 90 3 7 27 71 2 34 3 63 36 46 18 0.30
SNGR1-4 82 4 14 79 4 17 96 4 0 18 80 2 83 0 16 83 12 5 0.91
SNGR1-5 86 1 13 80 1 19 99 1 0 32 67 1 69 2 29 70 22 8 0.67
ATGM1-5 64 2 34 52 2 46 97 2 1 26 73 1 49 2 49 50 33 17 0.75
ATGM1-6 68 2 30 54 2 44 96 2 2 33 64 3 41 5 54 43 47 10 0.50
ATGM1-8 71 2 27 60 2 38 97 2 1 29 71 0 49 0 51 49 39 12 0.67
ATGM1-9 62 12 26 58 12 30 85 13 2 15 84 1 60 0 40 61 32 7 0.90
PATH5-1 78 11 11 57 11 32 84 13 3 67 32 1 58 1 41 59 34 7 0.83
PATH5-4 65 17 18 56 17 27 77 12 11 33 62 5 43 8 49 47 36 17 0.51
PATH5-6 54 30 16 47 30 23 61 24 15 30 70 0 52 1 47 52 34 14 0.62
Mean 66 16 18 57 15 28 80 13 7 33 64 3 56 4 40 58 31 11 0.66
Std. Dev. 11 14 7 12 14 9 17 11 7 14 14 3 12 4 12 13 10 5 0.17

Barail Formation
JA-1 84 2 14 80 2 18 97 3 0 24 76 0 63 0 37 63 28 9 1.00
JA-2 97 0 2 91 0 9 100 0 0 49 51 0 64 0 36 64 28 8 0.00
JA-3 88 0 12 86 0 13 99 1 0 20 80 0 72 0 28 71 22 7 1.00
SNGR1-6 96 2 2 92 2 6 98 2 0 39 61 0 80 0 20 80 18 2 1.00
ATGM1-10 87 10 3 84 10 6 89 6 5 17 83 0 63 0 37 63 30 7 0.55
Mean 90 3 7 87 3 10 97 2 1 30 70 0 68 0 32 69 25 6 0.71
Std. Dev. 6 4 6 5 4 5 4 2 2 14 14 0 7 0 7 7 5 3 0.44

Cherra and Kopili Formations
BOGRA2-1(Ko.) 97 2 1 94 2 4 98 0 2 70 30 0 61 0 39 61 29 10 0.00
BOGRA2-2 (Ko.) 92 8 0 76 8 16 90 2 8 98 2 0 100 0 0 100 0 0 0.23
BOGRA2-7 (Ch.) 99 1 0 97 1 2 99 0 1 100 0 0 0.00
Mean 96 4 1 89 4 7 96 1 3 89 11 0 80 0 20 80 15 5 0.06
Std. Dev. 4 4 1 12 4 8 5 1 4 17 17 0 28 0 28 28 21 7 0.11
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and Nur Alam, 1991). The Girujan Clay is lo-
cally as thick as 1 km, and is composed domi-
nantly of mottled clay deposited in lacustrine,
flood-plain, and overbank environments (Khan
and Muminullah, 1980). These units are over-
lain unconformably by the Pliocene–Pleisto-
cene Dupi Tila Formation, comprising mostly
massive trough–cross-bedded coarse to pebbly
sandstone, which reaches a maximum thick-
ness of at least 2.3 km in the Sylhet trough.
The Dupi Tila Formation contains alternating
channel and flood-plain deposits, and has been
interpreted as a meandering-river deposit
(Johnson and Nur Alam, 1991).

METHODS

We collected 111 samples of sand and sand-
stone, ranging from early Eocene through
Pleistocene in age, from surface sections and
subsurface cores in the Bengal basin. Surface
samples are from sections exposed in northern
and southeastern Bangladesh, whereas subsur-
face cores are from wells drilled by
Petrobangla in the northwest, northeast, and
central parts of the basin. Unconsolidated sand
was sieved, and the fractions coarser than
0.063 mm were epoxied into plugs for thin-

section preparation. We selected 56 representa-
tive samples for modal analysis on the basis of
appropriate grain size and low degree of alter-
ation. Petrographic analyses were conducted
following the Gazzi-Dickinson method, count-
ing sand-sized minerals included in lithic frag-
ments as the mineral phase rather than the host
lithic fragment (Dickinson, 1970; Ingersoll 
et al., 1984). All thin sections were stained for
plagioclase and potassium feldspar, following
techniques modified from Houghton (1980).
At least 300 framework points were counted
per sample; 400 framework points were
counted for samples that had greater composi-
tional diversity. In order to quantify lithic com-
ponents, at least 300 lithic-fragment frame-
work points were counted per sample, with the
exception of the lithic-poor Eocene samples,
which were excluded from this analysis. Se-
lected thin sections were also counted a second
time and by a different person in order to min-
imize operator error. Point-counting parame-
ters and recalculated parameters are defined in
Table 1. Because of the potential importance of
the metamorphic grade of abundant metasedi-
mentary lithic fragments, we have distin-
guished between very low- to low-grade (Lm1)
vs. low- to intermediate-grade (Lm2) metased-

imentary fragments, following Dorsey (1988).
Lm1 fragments include slate, slaty siltstone,
and quartzite, whereas Lm2 fragments are
quartz-mica tectonites, including phyllite,
schist, and phyllitic quartzite.

PETROGRAPHY

Eocene to Pleistocene sand and sandstone of
the Bengal basin varies from highly quartzose
to quartzolithic and quartzofeldspathic;
aphanitic lithic fragments are dominated by
sedimentary and metasedimentary rock types.
In general, older sandstone (Eocene and
Oligocene) contains more quartz, although
Miocene and younger sand also typically con-
tains more than 50% quartz. Older sandstone
exhibits more angular grains than does sand in
younger units, in which grains range broadly
from subangular to rounded. Many sandy
units, both exposed and drilled, are unconsoli-
dated, whereas others are strongly indurated.
Modal analyses of the major stratigraphic units
are presented in Table 2, and depicted graphi-
cally in Figures 4 and 5. Polygons surrounding
mean values are calculated as sample standard
deviations; although these do not represent
true standard deviations for constrained-sum

Figure 4. Ternary diagrams showing overall sandstone modes (QtFL and QmFLt plots) and light monocrystalline components (QmPK plot)
of sand (see Table 1) in Bengal basin samples, showing means (indicated by numbers 1–6) and standard-deviation polygons for each stratigraphic
unit. Provenance fields (QtFL and QmFLt plots; see Table 1) are from Dickinson (1985). QtFL plot: Note that Eocene–Oligocene sands plot near
the quartz pole. These sands are compositionally different from the Miocene and younger sands, which plot in the “recycled orogenic” field. 
QmFLt plot: Chert and other polycrystalline quartz grains are included in the total lithic counts (see Table 1). QmPK plot: Following an early
shift from almost pure quartz to a moderately feldspar-rich composition, plagioclase content decreases through Pliocene–Pleistocene time. Al-
though standard deviations are not strictly valid statistically for constant-sum, constrained compositional data, polygons are shown to indicate
ranges of values.



data (see Ingersoll, 1978), they are shown to
indicate the variability of values for each
group. Principal results are summarized in the
following for the various stratigraphic units,
from oldest to youngest.

Cherra and Kopili Formations

The single available sample of the Paleocene
to lower Eocene Cherra (or Tura) Formation,
from the Bogra–2 well in the stable shelf area,
yields a quartz-arenite (orthoquartzose sand-
stone) composition. Framework grains are 99%
quartz (Qt99F1L0 [quartz, feldspar, lithic frag-
ments]). Many of the quartz grains are coarse, and
most are subangular to angular. Almost all are
monocrystalline grains that exhibit undulatory
extinction; there are very minor polycrystalline
grains (elongate metamorphic lithic fragments).
Many quartz grains are broken and exhibit irreg-
ular fractures, apparently induced during com-

paction. Of the rare feldspar grains, all are potas-
sium feldspars, including both orthoclase and mi-
crocline. This rock contains considerable recrys-
tallized clay matrix, and has been partially
cemented by patchy micritic calcite cement.

Two samples of the upper Eocene Kopili For-
mation, from the Bogra–2 well of northwestern
Bangladesh, have subfeldspathic (Qt91F8L1) and
quartz-arenite (Qt97F2L1) compositions. Quartz
grains are mostly monocrystalline, and most
exhibit undulatory extinction. The sparse feldspar
is mostly potassium feldspar and is predomi-
nantly orthoclase. Lithic fragments are over-
whelmingly sedimentary, including mainly iron-
rich mudrocks and siltstones; metamorphic
fragments are scarce, and there is no identified
volcanic detritus. One sample contains minor
glauconite and abundant zeolite cement. For
comparisons of temporal trends, the three
samples of Cherra and Kopili Formation sand-
stones, all of which are Eocene in age and quartz-

ose, are combined on ternary diagrams (Fig. 4).
Although we analyzed only three Eocene sam-

ples that are of appropriate grain size and alteration
for point counting, we include them here due to
their potential importance in constraining the early
detrital record of the Bengal basin; future studies
are planned to sample more fully these units.

Barail Formation

Five samples from the Oligocene Barail For-
mation have sublitharenitic (Qt84F2L14) to
quartz-arenitic (Qt97F0L3) compositions; the
average composition is Qt90F3L7. Four samples
are from the Sylhet trough (Tamabil-Jaintapur
Road and Atgram-IX well), and the other sam-
ple is from northwest Bangladesh (Singra–1
well). There is no obvious difference in detrital
composition between the samples from these
two areas. The abundant quartz grains are dom-
inantly monocrystalline grains that exhibit un-
dulatory extinction, as in the older sandstones.
Quartz grains are also generally subangular to
angular (Fig. 6A), as in the Eocene sandstones.
Polycrystalline quartz grains include chert and
both foliated and nonfoliated metamorphic
types. Of the sparse feldspar grains, plagioclase
(P) is more common than potassium feldspar
(P/F = 0.71). Of the relatively sparse lithic
fragments, sedimentary rock types are more
abundant than low-grade metamorphic frag-
ments (Ls/L = 0.68); there are very rare
medium- and high-grade metamorphic frag-
ments, and virtually no volcanic lithic frag-
ments. The sample from Atgram-IX contains
abundant large intrabasinal limestone frag-
ments and ooids. Grains are moderately sorted
and subangular to subrounded.

Bhuban Formation

The 15 sandstone samples from the lower to
middle Miocene Bhuban Formation, from 
locations across the basin, contain more
feldspar grains and lithic fragments than the
underlying stratigraphic units (Table 2 and Fig.
6B). These sands are sublithic to subfelds-
pathic (Qt66F15L19), although some are nearly
quartz arenites. Most quartz grains are
monocrystalline (Qm) grains that exhibit un-
dulatory extinction (Qm/Qt = 0.86), and pla-
gioclase is generally more abundant than
potassium feldspars (P/F = 0.66). Lithic com-
ponents are dominated by sedimentary frag-
ments (Ls/L = 0.56), and metamorphic lithic
fragments are mostly low grade (Lm1/Lm =
0.74). Volcanic lithic fragments, although not
common, are present in this unit, in contrast to
older units. Volcanic fragments average about
4% of lithic fragments, but are somewhat more
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Figure 5. Ternary diagrams showing lithic fragment compositions (LsLm1Lm2 and
QpLvmLsm plots; see Table 1) of sand in Bengal basin samples, showing means (indicated by
numbers 1–6) and standard-deviation polygons for each stratigraphic unit. LsLm1Lm2 plot:
Lithic fragments suggest an unroofing trend from sedimentary to metamorphic components
over time (filled arrow). Although the polygons plotted for the Miocene to Pliocene Bhuban,
Boka Bil, and Tipam sands (units 3, 4, and 5) largely overlap, the compositions of the Oligocene
sandstones (unit 2) and the Pliocene–Pleistocene Dupi Tila sands (unit 6) show a temporal in-
crease in higher-grade metamorphic lithic fragments derived from the orogens. QpLvmLsm
plot: volcanic and metavolcanic fragments are absent in Eocene–Oligocene and Pliocene–Pleis-
tocene samples. Polygons depicted show variability between polycrystalline quartz and metased-
imentary lithic fragments. LsLvLm plots show no additional distinctions, as a result of the very
low volcanic lithic components, and so are not shown. Although standard deviations are not
strictly valid statistically for constant-sum, constrained compositional data, polygons are shown
to indicate variability of values.
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abundant in sandstones from the eastern sec-
tions (e.g., Olahtaung in the Chittagong Hill
Tracts). Phenocryst phases and textures indi-
cate mostly mafic to intermediate composi-
tions for volcanic fragments.

Boka Bil Formation

The 16 sand samples from the middle to up-
per Miocene Boka Bil Formation have more
diverse compositions than the older units, av-
eraging Qt57F23L20. These subarkosic and sub-
lithic arenites are somewhat less quartzose
than older units, but are also composed domi-
nantly of quartz, mainly monocrystalline
quartz exhibiting undulatory extinction. Pla-
gioclase and potassium feldspars are equally
abundant (P/F = 0.50). Sedimentary lithic frag-

ments dominate the lithic populations 
(Ls/L = 0.51). Volcanic lithic fragments
(mostly andesitic) compose to about 6% of the
lithic fragments, and are more abundant in
sands from the eastern fold belts (e.g., from the
Harargaj anticline in the southeastern Sylhet
trough). Intermediate-grade metamorphic frag-
ments are more abundant in sands from this
unit compared to those of the underlying
Bhuban Formation. Micas are relatively abun-
dant, averaging about 5% of framework grains,
and are dominated by biotite (not depicted on
ternary diagrams).

Tipam Group

The 12 sand samples from the upper Miocene
to Pliocene Tipam Group reveal relatively

uniform compositions, and contain moderate
amounts of feldspars and lithic fragments. Mean
QtFL values for Tipam sandstones (Qt61F19L19)
are very similar to those of the combined Surma
Group (Bhuban and Boka Bil formations), but
they show much less variation (Fig. 4).
Monocrystalline quartz is the major grain type;
most of the grains (87%) exhibit undulatory
extinction. Potassium feldspar is more abundant
(Fig. 6C) than plagioclase (P/F = 0.30), and
most potassium feldspar grains show no twin-
ning. Lithic fragments are dominated by sedi-
mentary types (Ls/L=0.52), but also include
lowest-grade metamorphic (Lm1) and low- to
intermediate-grade metamorphic lithic frag-
ments (Lm2). Volcanic lithic fragments are also
less abundant (2% of lithic fragments) in Tipam
sands than in Surma sandstones.

Figure 6. Representative photomicrographs of sandstones from the Bengal basin. (A) Oligocene Barail Formation: framework grains are all
quartz, many of which are subangular. (B) Miocene Surma Group: sedimentary lithic fragments (Ls) and feldspar (K-spar) present in this unit
are virtually absent in the Eocene–Oligocene sandstones. (C) Upper Miocene to Pliocene Tipam Group: potassium feldspar is relatively abun-
dant, unlike in Oligocene to middle Miocene units. (D) Pliocene–Pleistocene Dupi Tila Sandstone: low- to intermediate-grade metamorphic lithic
fragments (Lm2), like the quartz-mica schist fragment shown here, are more abundant than in older units.

A

C D

B



Dupi Tila Sandstone

Five sand samples from the Pliocene–Pleisto-
cene Dupi Tila Sandstone contain somewhat
more quartz and less feldspar than do the two im-
mediately underlying units. Quartz grains in
these sublithic to subfeldspathic quartz arenites
(Qt70F13L17) are mostly monocrystalline quartz
grains that show undulatory extinction, as in
older units, but feldspars are overwhelmingly
dominated by potassium feldspar (P/F = 0.20), in
contrast to the immediately subjacent units.
Lithic fragments include roughly equal amounts
of sedimentary and metamorphic fragments, but
low- to intermediate-grade metamorphic lithic
fragments (Lm2; Fig. 6D) are more common
(Lm2/Lsm = 0.18) than in older stratigraphic
units. These sands contain no identified volcanic
lithic fragments.

INTERPRETATION OF SANDSTONE
MODES

In order to visualize the variations in sand
composition and to help interpret the tectonic
provenance of sands and sandstones from the
Bengal basin, we constructed ternary diagrams
of the major components, the monocrystalline
grains, and the phaneritic lithic fragments
(e.g., Dickinson, 1985). In order to evaluate
unroofing trends in source mountain belts, we
also plotted specific lithic components that are
most likely to show useful variations in these
dominantly phyllarenitic sandstones (e.g.,
Dorsey, 1988); i.e., sedimentary lithic (Ls),
very low- to low-grade metamorphic lithic
(Lm1), and low- to medium-grade metamor-
phic lithic fragments (Lm2).

The highly quartzose Cherra and Kopili
samples plot in “craton interior” provenance
fields of QtFL and QmFLt diagrams (Fig. 4;
Dickinson, 1985). Barail sandstone samples,
almost as quartzose and lacking significant
chert or other polycrystalline quartz, plot as
“craton interior” on a QtFL diagram and as
“quartzose recycled orogenic” on a QmFLt
diagram. All samples of Miocene and younger
sands and sandstones plot as “recycled oro-
genic” on a QtFL diagram. On a QmFLt dia-
gram, Bhuban and Dupi Tila samples plot 
in the “quartzose recycled” provenance field,
whereas the slightly more feldspathic Boka 
Bil and Tipam samples plot in the “mixed”
provenance field.

In terms of monocrystalline light components
(QmPK, K = potassium feldspar), sands from
the Bengal basin have a complicated temporal
pattern (Figs. 4 and 7). Monocrystalline quartz
is abundant relative to feldspar in all samples
analyzed, but this is especially true for Eocene

and Oligocene samples. The rare feldspars in
the Eocene samples are mainly potassium
feldspar, whereas those in Oligocene samples
are mainly plagioclase. Miocene and younger
samples contain higher and more variable
amounts of feldspar than do the older samples.
Most important, the abundance of potassium
feldspar relative to plagioclase systematically
increases over time in these post-Oligocene
samples, which we interpret to reflect unroofing
of deeper crustal levels in the source areas.

Volcanic components (Fig. 5) are generally
scarce in Bengal basin sediments; there is a
peak in abundance of only 2% of total frame-
work grains (Lv/L = 0.06) in Boka Bil sands,
and mean abundances are even lower in both
older and younger units. This is similar to abun-
dance patterns of heavy minerals analyzed in
Bengal basin sands. Boka Bil sands show peak
abundances of blue-green amphibole, probably
indicative of arc volcanic sources, as well as
sparse chromite, suggestive of ophiolitic
sources (Uddin and Lundberg, 1998).

Lithic components are overwhelmingly sed-
imentary and metasedimentary; these are 
subdivided on the LsLm1Lm2 plot (Fig. 5),
which suggests unroofing from Oligocene 
to Pliocene–Pleistocene time. Although the
ranges plotted for the Miocene to Pliocene
Bhuban, Boka Bil, and Tipam sands largely
overlap, the compositions of the Oligocene
sandstones and the Pliocene–Pleistocene Dupi
Tila sands show a temporal increase in higher
grade metamorphic lithic fragments derived
from the orogens.

PETROFACIES EVOLUTION AND 
COLLISION HISTORY

Eocene sandstones analyzed from the Bengal
basin, although very few in number, are ex-
tremely quartzose and predate significant input
of collisional detritus. Assuming that these are
representative, lower Eocene sand from the
Cherra Formation is quartz-arenitic, comprising
almost 100% quartz. The abundance of suban-
gular to angular, coarse monocrystalline quartz
grains reflects little abrasion and relatively brief
transport, whereas the conspicuous lack of
feldspar suggests either intense chemical weath-
ering or a source terrane of quartz-rich sedimen-
tary rocks. The Cherra Formation directly over-
lies the basement complex of the Indian shield in
the northwestern part of the Bengal basin, and
was sampled from an area not more than 200 km
from present exposures of the Indian shield to
the west (Fig. 2). Upper Eocene sandstones from
the same locality, stratigraphically overlying the
regionally extensive mid-Eocene nummulitic
limestone, contain small amounts of feldspars
and lithic fragments. Authigenic chert and glau-
conite suggest a slightly reducing environment.
The dominance of monocrystalline, subangular
to subrounded quartz grains, the presence of mi-
nor potassium feldspar and very little to no pla-
gioclase, and the paucity of lithic fragments sug-
gest derivation from continental sources rather
than collisional orogenic terranes. These units
were likely derived from the adjacent Indian cra-
ton and deposited on the eastern segment of the
northeastern passive continental margin of India,
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Figure 7. Ratios of plagioclase to total feldspar (P/F) in sand and sandstone from the Bengal
basin, showing mean and standard deviation for each stratigraphic unit. Note that P/F ratio for
Eocene samples is not statistically robust, as a result of very low feldspar content.



which at that time was near the equator (Lindsay
et al., 1991).

Oligocene sands of the Barail Formation are
also mostly quartzose, and contain only minor
sublitharenites. The abundance of quartz and the
scarcity of both feldspar grains and lithic frag-
ments suggest a source terrane with low relief and
considerable transport, and intense chemical
weathering. Given sufficiently intense chemical
weathering, we cannot rule out the possibility that
these quartzose sandstones were derived from
proto-Himalayan sources. Johnsson et al. (1988)
analyzed the composition of first-cycle quartz
arenites in the Orinoco River basin of Venezuela
and Colombia, and documented that river sands
from the Andean foreland basin increase
markedly in compositional maturity with increas-
ing distance from the mountains, evolving to
quartz arenites over transport distances of 200 to
300 km. River samples from the lowland portion
of the Guayana shield are also strongly quartzose;
some are pure quartz arenites. They suggest that
intense chemical weathering and long residence
time in flood plains and gentle slopes can produce
first-cycle quartz arenites, irrespective of their tec-
tonic origin. Kroonenberg (1994) studied upper
Pleistocene river terraces of the Caqueta River in
the Colombian Amazons, and found that tropical
weathering is capable of destroying the prove-
nance signature of source rocks in 30 to 40 k.y.

Thus, a proto-Himalayan orogen could have 
supplied detritus that underwent intense 
chemical weathering to supply the quartzose
Eocene–Oligocene strata of the Bengal basin.

A Himalayan source seems unlikely for the
Eocene–Oligocene deposits of the Bengal basin,
however, in light of the great distance to the 
Himalaya at the time, especially compared with
the proximity of the Indian craton, which is also a
potential source terrane. Tectonic activity at this
time in both the eastern Himalaya and the Indo-
Burman ranges was relatively distant from the
present Bengal basin. Because the Bengal basin
formed on the downgoing (Indian) plate, it has
been steadily approaching the sites of plate con-
vergence represented now by the southward-ad-
vancing Himalayan front and the westward ad-
vancing Indo-Burman ranges. During Eocene
and Oligocene time, the Himalaya must have
been more than 1500 km to the north of the Ben-
gal basin (e.g., Le Fort, 1996), across an inter-
vening region that has since been almost entirely
subducted, or underthrust beneath the Himalaya.
We know very little about this intervening region,
except that adjacent oceanic terrane has been
subducted eastward below what is now the Indo-
Burman ranges. We speculate that during Eocene
to Oligocene time, orogenic detritus from initial
uplifts of the eastern Himalayan orogen was
transported to the Indian Ocean somewhere to the

east of the Bengal basin, in the region that has
since been subducted beneath the Indo-Burman
ranges. In contrast to the great distance to the 
Himalaya, the Bengal basin is directly adjacent to
and in part overlies plutonic and metamorphic
rocks of the Indian craton. In light of this prox-
imity, and the location of the Bengal basin on the
continental margin of eastern India, we believe
that the simplest explanation of Eocene and
Oligocene sandstones of the Bengal basin is 
derivation from the Indian craton to the west.

The abrupt increase in feldspar grains and
lithic fragments in lower Miocene sands repre-
sented by compositions of Surma Group sand-
stone (Bhuban and Boka Bil Formations) marks
the first clear signal of delivery of orogenic detri-
tus to the Bengal basin. This may represent the
actual initiation of collisional uplift and erosional
unroofing in the eastern Himalaya; however,
more likely it records the initiation or simply mi-
gration (to this area) of stream systems that sup-
plied orogenic detritus to the Bengal basin. Strati-
graphic reports (Rao, 1983) from Assam,
immediately northeast of the Bengal basin, doc-
ument extremely thick Oligocene sequences, in-
cluding both marine and continental deposits,
overlain by Miocene fluvial sequences similar to
the Pliocene strata in the Bengal basin (and
lithostratigraphically correlated, called the Tipam
Group). This suggests that orogenic activity be-
gan in the eastern Himalaya by Oligocene time,
as indicated by radiometric dating of metamor-
phism by Hodges et al. (1994), and migrated
southward relative to Indian crust as it developed;
large stream systems evolved to funnel volumi-
nous detritus into the remnant ocean basin of
Bangladesh by earliest Miocene time. It appears
that the bulk of deltaic accumulation migrated
from Assam in Oligocene time and through
Bangladesh since early Miocene time. Today, the
extreme southern portions of Bangladesh repre-
sent the delta plain of the Bengal delta.

Uplift and erosion apparently had not unroofed
mid-crustal levels prior to Miocene time, how-
ever. The feldspathic to lithic arenites in the oldest
Miocene strata in the Bengal basin contain abun-
dant monocrystalline quartz, sedimentary lithic
fragments and plagioclase, and minor volcanic
lithic fragments, compositions that would be ex-
pected during initial unroofing of continental-
margin terranes that are dominated by cover sedi-
mentary units and areally minor volcanic terranes.
During late early Miocene time (ca. 20 Ma), a
large wedge of hot Indian crust was rapidly up-
lifted and carried hundreds of kilometers south-
ward along the Main Central thrust in the 
Himalaya (Hubbard et al., 1991). Erosion of these
uplifted granitic rocks probably contributed to the
temporal increase in feldspar content we observe
in Miocene sandstones. The ratio of potassium
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Figure 8. QtFL plot (see Table 1) showing means and standard-deviation polygons of
Eocene–Oligocene sandstone of the Himalayan foreland basins, comparing sand compositions
in the Bengal basin with those in the western Himalaya. Eocene–Oligocene sandstones of the
Bengal basin are dramatically more quartzose than those of the western foreland basins. 
Western Himalayan Eocene–Oligocene data are from Critelli and Garzanti (1994) and Critelli 
and Ingersoll (1994). 



feldspar to plagioclase is higher in upper Miocene
(Boka Bil Formation) and younger strata than in
Oligocene and lower to middle Miocene deposits
(Fig. 7), and is one of the striking features of these
sands (Fig. 6C; Uddin et al., 1994). This is proba-
bly not due to changes in the intensities of chemi-
cal weathering alone, because the abundance of
potassium feldspar in these younger strata is high
(as a percentage of total framework grains) rela-
tive to older units.

Volcanic and ophiolitic detritus in these sands
may have been derived from the Indo-Burman
ranges to the east. The negligible amount of such
debris in lowest Miocene sands suggests that arc
volcanic terranes developed on the Asian margin
were shielded from the Bengal basin by the grow-
ing mountain belt, or that any volcanic detritus
was weathered relatively completely prior to dep-
osition here. Pliocene and younger units have
sparse volcanic detritus as well, suggesting a lack
of significant volcanic terranes. Volcanic terranes
of the Indo-Burman ranges had likely been dis-
placed southward by right-lateral strike-slip
faults, and the plutonic roots of these terranes may
now be represented by granites exposed in the An-
daman islands (Mitchell, 1993). The Indo-Bur-
man ranges expose two belts of ophiolites, repre-
senting sources for chromite in Bengal basin
sands, but both belts are currently located east of
the modern drainage divide (Sengupta et al.,
1990). Volcanic and ophiolitic sources also exist
in the Himalaya, but the fact that our easternmost
samples are richer in volcanic detritus and contain
chromite suggests that sources in the Indo-Bur-
man ranges to the east are more likely to have pro-
vided the volcanic and ophiolitic components.

Sands in the younger Neogene units, the up-
per Miocene to Pliocene Tipam Group and
Pliocene–Pleistocene Dupi Tila Formation, con-
tain appreciable amounts of low- to intermedi-
ate-grade metamorphic lithic fragments (Lm2),
in contrast to older strata, suggesting unroofing
of deep crustal levels in the orogens. These two
units are also rich in untwinned potassium
feldspar, relative to the plagioclase-rich sand-
stones of the Surma Group, suggesting a plu-
tonic source, and/or an increase in mechanical
weathering relative to chemical weathering in
the source areas (Mack, 1978). Miocene
leucogranites of the High Himalayan Crystalline
terrane (France-Lanord et al., 1993) are appar-
ently the principal source of these feldspars
(Harrison et al., 1993; and many others).

The Shillong Plateau, which was uplifted in
Pliocene time along the northern margin of the
Bengal basin, provided another source for detri-
tus of the Tipam Group and younger units proxi-
mal to the uplift (Johnson and Nur Alam, 1991),
contributing sand especially rich in sedimentary
lithic fragments eroded from cover units. Much

of this recycled detritus is likely to have been de-
rived from the same ultimate sources, but during
earlier time periods, than the orogenic sediment
with which it has mixed. Lithic populations in
sands that accumulated in areas farther removed
from the Shillong Plateau do not show a late
pulse of sedimentary lithic fragments.

COMPARISON TO PETROFACIES OF
THE WESTERN HIMALAYA

Our results on sand composition in the Bengal
basin can be compared to abundant available data
on sequences to the west in order to compare
records of orogenic timing and erosional history.
The synorogenic sequences in the western 
Himalaya have been studied in some detail, be-
ginning with the classic study of Krynine (1937).
Many studies have focused on the Miocene to
Pleistocene Siwalik deposits of Pakistan, north-
west India, and Nepal (Raju, 1967; Johnson and
Vondra, 1972; Chaudhri, 1975; Parkash et al.,
1980; Abid et al., 1983; and many others). Critelli
and Garzanti (1994), Critelli and Ingersoll
(1994), and Garzanti et al. (1996), however, re-
ported new modal analyses of sandstones from a
number of units in the western Himalayan fore-
land basins, including Paleogene strata.

The precollisional Upper Cretaceous to Paleo-
cene clastic deposits from the Indus forearc in the
western Himalaya are lithofeldspathic, and con-
tain abundant microlitic and felsitic volcanic lithic

fragments and granitoid detritus derived from an
undissected magmatic arc (Garzanti et al., 1996).
The upper Paleocene to lower Miocene synoro-
genic sediment that began to fill the evolving fore-
land basins that developed ahead of the south-
ward-advancing Himalaya in the west comprise
terrestrial sediments of the lithofeldspathic Chu-
lung La Formation (Qt24F26L50) and quartzolithic
tidal-flat to fluviatile deposits of the Murree
Supergroup (Qt68F5L27; Bossart and Ottiger,
1989; Critelli and Garzanti, 1994). These units
contain abundant metasedimentary, volcanic, and
sedimentary lithic fragments and ophiolitic detri-
tus (Figs. 8 and 9; Critelli and Ingersoll, 1994;
Critelli and Garzanti, 1994).

The Tertiary clastic deposits of the Himalayan
foothills of northern India include the pre-Siwa-
lik Subathu and Dharmsala Sandstones and the
Miocene–Pliocene Siwaliks. The Subathu con-
tains a basal oligomictic conglomerate layer that
includes subrounded quartz and chert pebbles,
suggesting transgressive beach deposition, over-
lain by quartz arenites with minor lithic frag-
ments and insignificant feldspar (as much as 5%
of framework grains; Raju, 1967). The Dhar-
masala Sandstone consists of limestone con-
glomerates and sands, the sand containing 45%
to 55% quartz and 15% to 25% lithic fragments,
including sericite and chlorite schist fragments,
quartzites, limestones, and chert, along with mi-
cas, chlorite-sericite matrix and carbonate ce-
ment; feldspar is rare to absent (Raju, 1967).
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Figure 9. QtFL plot (see Table 1) showing means and standard-deviation polygons of Eocene
through Neogene sand and sandstone from the western Himalayan foreland basins. Data are
from Suczek and Ingersoll (1985), Critelli et al. (1990), Critelli and Garzanti (1994), and Critelli
and Ingersoll (1994). Units numbered 1 through 5 are in chronological order (1 is the oldest).



Raju suggested that derivation of these sediments
was from low-grade metamorphic (greenschist
facies) terranes in the Himalaya. Dewey et al.
(1988) suggested derivation from the Indian
shield to the south, however, assigning a late
Oligocene age to the Murree sediments of the
Indo-Gangetic basin. The Miocene–Pliocene Si-
walik sandstones of Pakistan and Nepal are
quartzolithic and contain two distinct petrofacies,
a more feldspathic petrofacies (Qt48F18L34) in
Pakistan to the west, and a more quartzose petro-
facies (Qt59F6L34) in Nepal, both derived from
Himalayan terranes (Critelli and Ingersoll, 1994;
Critelli and Garzanti, 1994).

Lower Miocene to lower Pliocene sandstones
from the Makran accretionary wedge in south-
west Pakistan (Fig. 1) show mainly quartzolithic
composition (Qt56F10L34), and a temporal evolu-
tion toward more quartzose compositions (Fig. 9;
Critelli et al., 1990). Lithic components in these
sandstones distinguish two contrasting petrofa-
cies; accreted abyssal-plain turbidites reflect a
provenance of sedimentary and metasedimentary
Himalayan terranes, and slope and shelf facies
sediments record volcanic sources, inferred to
represent upper Mesozoic volcanic terranes in
northern Pakistan and early to middle Miocene
andesitic volcanic centers in northern Makran.

The peak abundance of volcanic lithic frag-
ments and the appearance of blue-green amphi-
boles in the Boka Bil Formation, the upper of the
two Miocene units, suggests erosion of arc rocks
from the Himalaya and/or the Indo-Burman

ranges. Blue-green amphiboles are also present in
strata of similar ages in Siwalik sandstones in the
Potwar Plateau of the Pakistan Himalaya (Johnson
et al., 1985; Cerveny et al. 1989) and in cores from
ODP Leg 116 sites on the distal Bengal fan
(Yokoyama et al., 1990; Amano and Taira, 1992).

Neogene sand from the Indus fan (Qt43F30L27)
(Suczek and Ingersoll, 1985) is more feldspathic
than the Siwalik and pre-Siwalik sandstones
(Fig. 9). Differences in feldspar content may be
related to uplift of crustal blocks in the Hima-
layan zone (Copeland et al., 1990, Amano and
Taira, 1992), and/or to uplifted granitoid rocks of
the Indian shield (Critelli and Ingersoll, 1994).

Following the initial collision of India with
Eurasia and Burma in early Tertiary time, large
amounts of siliciclastic detritus built synoro-
genic wedges in the foreland and in remnant-
ocean basins, including the development of
very large deltas and submarine fans on the
downgoing plate ahead of the collision zone.
Increasingly precise foraminiferal biostrati-
graphic dating suggests that initial collision in
the western Himalaya began by 57 ± 1 Ma (Beck
et al., 1995). In contrast, the biostratigraphic
age of the earliest orogenic sandstones from the
Bengal basin suggests a somewhat later initia-
tion of collision in the eastern Himalaya.

Other data from the eastern Himalayan fore-
land basins substantiate this trend. Along the
Java-Sumatra trench to the southeast, sand-
stone of upper Oligocene to lower Miocene
trench deposits are inferred to have been de-

rived from the eastern Himalaya (Moore,
1979). These sandstones, which are now part
of the Oyo complex, a tectonic melange ex-
posed on Nias Island (Fig. 1), are very quart-
zose for trench deposits (Qt72F8L20) (Moore,
1979). This suggests a mixed sedimentary-
metasedimentary-volcanic source terrane in
the Himalaya to the north, draining through the
Bengal fan and reaching this subduction com-
plex (Moore, 1979). Likewise, Neogene sands
from the Bengal fan (Qt57F28L14) are very sim-
ilar in composition to sands of the same age in
the Bengal basin (Fig. 10; Ingersoll and
Suczek, 1979).

CENOZOIC HISTORY OF THE 
HIMALAYAN-BENGAL SYSTEM

The detrital record of the Himalayan colli-
sional orogen preserved in the Bengal basin is
distinctly different from the much better known
record left in the Indus syntaxial foreland basin to
the west. A synthesis of the contrasting evolution
of these two regions is shown by schematic pale-
otectonic and paleogeographic diagrams in Fig-
ure 11. Eocene to Oligocene precollisional to
syncollisional sediments in the Indus basin in-
clude both quartzose detritus from the Indian
block and lithofeldspathic detritus from the de-
veloping suture on the Asian margin, whereas
correlative deposits in the Bengal basin are over-
whelmingly quartzose. The compositions and
textures of Eocene and Oligocene sandstones in
the Bengal basin do not suggest derivation from
Himalayan or Indo-Burman orogenic sources,
but rather point toward the low-relief, crystalline
Indian craton adjacent to the west. Intense chem-
ical weathering has also been suggested for
Paleogene sediments in the Bengal basin because
of their quartzose composition. This suggests
strongly that the continental collision was di-
achronous overall, and that orogenic uplift, and
consequently foreland-basin evolution, initiated
earlier in the western Himalaya and propagated
eastward over several tens of millions of years.
This is consistent with the considerable (33°)
counterclockwise rotation of India inferred for
this time interval (Dewey et al., 1989).

Miocene sandstones of the Surma Group yield
a clear record of unroofing of the eastern Hi-
malaya and/or the Indo-Burman ranges. The
source rocks from which these sands were de-
rived were dominated by supracrustal rocks,
which produced detritus rich in monocrystalline
quartz and sedimentary to low-grade metamor-
phic lithic fragments. These supracrustal sources
included Lesser Himalayan sedimentary and
metasedimentary rocks that were thrust south-
ward along the Main Boundary thrust (Mascle 
et al., 1986). Lithofacies maps of the thickest ac-
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Figure 10. QtFL plot (see Table 1) showing means and standard deviation polygons of sands
and sandstones from the eastern Himalayan foreland, including the Bengal basin and the 
Bengal fan (F). Data for the Bengal fan are from Ingersoll and Suczek (1979).
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cumulations of Miocene sediments in Bangla-
desh, however, suggest transport from the imme-
diate east, suggesting input from the Indo-
Burman ranges as well (Uddin and Lundberg,
1995). The initial input of Himalayan detritus to
the Bengal basin was in early Miocene time, pre-
dating samples recovered from the Bengal fan,
although current stratigraphic resolution pre-
cludes a more precise assignment than near the
Oligocene-Miocene boundary (ca. 25 Ma).

Increases in the relative abundance of potas-
sium feldspar in Bengal-basin sands during late
Miocene to Pliocene time record unroofing of
plutons in the eastern Himalayas. This was not
likely due to exhumation of the Indo-Burman
ranges, because there are no granitic terranes in
the proximate (northern) Indo-Burman ranges,

although it is possible that such terranes were
present at that time. The sedimentation rate in
the Bengal fan increased during this time, per-
haps due to the increased rate of unroofing.
Lithic-fragment populations are dominated by
sedimentary rock types, and there is a temporal
increase in the abundance of higher-grade
metasedimentary lithic types in the Pliocene–
Pleistocene strata relative to the Oligocene
strata, suggesting orogenic unroofing. The
course of the Brahmaputra River changed during
Pliocene time, probably due to uplift of the
Shillong Plateau (Johnson and Nur Alam, 1991).
This represents a dramatic southward advance of
the deformation front of the eastern Himalaya,
whereas the deformation front of the Indo-
Burman ranges has probably advanced more

gradually westward, progressively encroaching
on the Bengal basin.

Hodges et al. (1994) suggested a late
Oligocene “Eohimalayan” metamorphic event on
the basis of U-Pb data from leucogranites ob-
tained from central Nepal. Results from our study
of sand deposited in the Bengal basin, however,
do not indicate obvious orogenic activity during
Eocene–Oligocene time in the eastern Himalaya.
This might be due to the greater distance from the
orogenic belt to the Bengal basin depocenters
prior to Miocene time; or, pre-Miocene drainage
systems may have transported orogenic detritus
elsewhere, perhaps east of the preserved portion
of the Bengal basin, where it would have been ei-
ther subducted or incorporated into the Indo-Bur-
man orogen. The “Neohimalayan” episode (early

Figure 11. Schematic paleogeographic reconstructions of the Himalayan foreland and surrounding areas from Eocene to Pleistocene time,
suggesting provenance evolution and eastward propagation of Himalayan collision. Modified from various sources, but mainly from Molnar and
Tapponnier (1975), Johnson and Nur Alam (1991), and Lindsay et al. (1991).



to middle Miocene time; Hodges et al., 1994),
however, during which intense deformation took
place in most of the lithotectonic belts of the 
Himalaya and metamorphic core complexes un-
derwent peak metamorphism and anatectic melt-
ing, is recorded clearly in the sediments of the
Bengal basin. Isotopic analyses of sediment of
the Bengal fan also suggest early Miocene un-
roofing of the Higher Himalaya (France-Lanord
et al., 1993), and similar strong deformation and
uplift may also have taken place in the Indo-Bur-
man ranges during early to middle Miocene time.
The results of this study are consistent with the
hypothesis that the collision between India and
Asia was diachronous (Dewey et al., 1989;
Burchfiel, 1993; Rowley, 1996). Abundant data
indicate that collision began near the western
syntaxis by at least Eocene time, but it apparently
did not begin until considerably later (although
by earliest Miocene time) in the east.

Our petrographic results document, for the
first time, detailed sand compositions of the Ben-
gal basin, allowing evaluation of contrasts with
sand deposited in the western Himalayan fore-
land basins. Sand in the Bengal basin is generally
more quartzose and less lithic than that in the
basins to the west, and pre-Miocene strata in the
Bengal system show little to no evidence of oro-
genic activity. This likely reflects in part the di-
achronous west to east propagation of the Hima-
layan collision, but it also probably results from
sedimentary systems migrating southward ahead
of the evolving mountain belt.

CONCLUSIONS

The Bengal basin of Bangladesh comprises
voluminous deltaic deposits in the heretofore lit-
tle-studied eastern segment of the Himalayan
foreland, providing a key link between orogenic
sediment source terranes and the deep-sea depos-
its of the Bengal fan. Stratigraphic sequences pre-
served on land in the Bengal basin provide ero-
sional information for the eastern Himalaya and
the Indo-Burman ranges that records signifi-
cantly older history than that available from
Ocean Drilling Program and Deep Sea Drilling
Project cores recovered offshore.

1. The quartzose nature of Eocene–Oligocene
sediments suggests intense chemical weathering
prior to deposition of the Eocene–Oligocene sed-
iments. Sediment sources may have included in-
cipient uplifts, presumably then quite distant, of
the proto-Himalaya to the north and the early
Indo-Burman ranges to the east. The subangular
nature of quartz grains in these sediments, how-
ever, indicates that much of this detritus was
more likely derived from relatively nearby
sources, most likely the Indian craton immedi-
ately to the west.

2. Miocene and younger sandstones show an
orogenic provenance; lithic populations indicate
progressive unroofing through time. In particular,
the abundance of potassium feldspar in the
younger (Pliocene–Pleistocene) sand, relative to
plagioclase-rich sand from the Miocene Surma
Group, indicates a granitic source, probably de-
rived at least in part from the Miocene leucogran-
ites of the High Himalayan Crystalline terrane.

3. Petrographic analyses of Tertiary sand from
the Bengal basin of Bangladesh suggest that dra-
matic tectonism began considerably later in the
eastern Himalaya than has been documented near
the western syntaxis, and there was detrital input
to the Bengal basin from bordering orogens be-
ginning in early Miocene time. This may also be
due to southward propagation of sedimentary
systems, advancing ahead of the southward-mi-
grating mountain belt. Overall, this study is con-
sistent with the hypothesis that the Himalayan
collision was diachronous, having begun near the
western syntaxis by at least Eocene time and be-
ginning much later in the easternmost Himalaya,
although by earliest Miocene time.
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