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DISCUSSION

This map is one in the map series of Bangladesh prepared and published by the
Geological Survey of Bangladesh (GSB) at a scale of 1:1,000,000, in support of
geologic framework investigations, mineral and energy resources evaluation, and
natural hazards mitigation. The other maps are the Geologic Map of Bangladesh
(Alam and others, 1990), and the Aeromagnetic Anomaly Map of Bangladesh
(Rahman and others, 1990).

Also displayed on this sheet are a map showing the gravity field of Bangladesh
in relation to that of its immediate surroundings, with overprinted interpretive data
(figure 1), and a generalized tectonic map of Bangladesh and adjoining areas (figure
2). These maps are at a scale of 1:4,000,000. Gravity data for the regional map
of figure 1 were originally compiled by Mirkhamidov and Mannan (1981) at
Petrobangla; we have extracted a subset of the regional data set to produce the map
of Bangladesh. The same color-coded intensity scheme is used on both large- and
small-scale gravity maps, but for clarity black-line contours on the latter have been
omitted. A small-scale gravity map of Bangladesh and vicinity was previously pub-
lished by Ali and Raghava (1985).

Trends of gravity gradient belts shown on figure 1 were obtained through use of
software developed by Blakely and Simpson (1986), in which a grid of anomaly
horizontal gradient is searched for maxima meeting pre-set criteria. Anticlinal fold
axes were inferred from linear anomaly highs and perturbations of the regional field.
Other fold axes were interpreted from LANDSAT imagery (SPARRSO, 1984).

Figure 2 (after Alam and others, 1990) differs somewhat from figure 1 in respect
to the location of major tectonic elements, including certain features presumably
interpreted from gravity anomalies. These features will be referred to in the ensuing
paragraphs, Note particularly that the “Bengal Basin” of figure 2 encompasses a por-
tion of the region known to be floored by Archaean rock northwest of the Hinge,
and continental crust is inferred to extend southeast of the “Hinge” to the vicinity
of the “Barisal gravity high”.

The total Bouguer anomaly relief in Bangladesh is about 190 mGal, with values
ranging from about +11 mGal to -179 mGal. The most negative values are found
in the extreme northwest and are associated with the Himalayan Foredeep; the most
positive values are found in the north and are associated with shallow Archaean
crystalline basement. Several principal gravity anomaly “domains” can be distinguished
on the basis of characteristic anomaly wavelengths, levels, and trends. These
domains correspond with tectonic provinces or subprovinces, and consist of the
Himalayan Foredeep, the Indian Shield (including the Rangpur Platform and Bogra
Shelf), the Bengal Foredeep (central Bengal Basin of figure 2), the Sylhet Trough,
(also known as Sylhet Basin or Surma Basin), and the Tripura-Chittagong Fold Belt
domains.

The Himalayan Foredeep domain is characterized by nearly east-trending anomaly
contours, uniform gradient, and strongly negative anomaly values. This domain reflects
the combined effects of a thick wedge of low-density sedimentary rock and a north-
dipping, denser substrate in the Himalayan collision zone.

The Indian Shield domain, immediately to the south, is characterized by variable
trends, relatively short-wavelength anomalies, and field intensities from +11 mGal
to about -60 mGal. This domain is largely or entirely underlain by Archaean crystalline
rocks comprising an east-northeast-trending subsurface connection between rocks
exposed in the Rajmahal Hills and those in the Shillong Massif, both in India. The
Archaean basement forms a broad arch whose crest in Bangladesh, known as the
Rangpur Platform or Rangpur Saddle, rises to within 130 m of the surface (Zaher
and Rahman, 1980). Short-wavelength gravity highs on the Rangpur Platform gen-
erally correspond to local basement highs, although in some places they also reflect
intrabasement density contrasts. The highest Bouguer values in this region occur
on a long-wavelength anomaly (Malda gravity high) associated with a broad base-
ment high that extends into West Bengal (Mukhopadhyay and others, 1986). On
the basis of geomorphic evidence and surface lithology, the area of the Barind Tract
{continuation of Malda high in Bangladesh) has been undergoing active uplift during
Holocene time {Alam and others, 1990; Hugq and others, in press).

Short-wavelength, linear gravity lows on the Rangpur Platform are due to fault-
bounded depressions containing Permian sedimentary rocks (Gondwana Group), in
which potentially exploitable coal measures occur (Farah, 1973; Zaher and Rahman,
1980; Rahman and others, in press). Upper Mesozoic trap volcanics are also locally
preserved, A prominent negative anomaly (Tista Gravity Low) extends south-
southeast across the crest of the basement arch from near the mouth of the Tista
River. This feature is due to a half-graben of about 300-m maximum structural relief
as interpreted by the authors from seismic reflection data. Anomaly lows having longer
wavelengths and greater amplitudes occur on the south flank of the basement arch
in a region called the Bogra Shelf. They form a northeast-trending anomaly trough
that follows a string of deep Gondwana basins referred to as the “Bogra Depres-
sion”. The maximum depth to Archaean basement in the Bogra depression is about
8 km (Mirkamidov and Mannan, 1981). At its northeast end, the Bogra depression
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apparently connects with the gyraben delineated by the Tista gravity low. For most
of its extent the depression correesponds to an aeromagnetic high (Rahman and others,
1990) produced by thick sequenices of trap basalts overlying the Gondwana sediments.

The anomaly lows of the Bawogra depression are bounded on the southeast by a
prominent, northeast-trending ' positive gravity anomaly that extends at least from
Caleutta through Pabna to nezar Mymensingh and has been called the Calcutta-
Mymensingh gravity high. This; high is caused by elevated basement on the margin
of the Bogra Shelf, as indicatesd by seismic reflection data. Whether the basement
is composed of Archaean crystaalline rock or younger material such as Mesozoic mafic
intrusive rock is unknown. Thee crest of this anomaly more or less coincides with
the upper lip of the “Hinge”, which is defined as a zone of monoclinal flexure on
a specific seismic reflector (thce Eocene Sylhet Limestone). The Hinge is depicted
on figure 1 by an unbroken sshaded band where its location is well constrained
(between two seismic reflectiom profiles examined by the authors) and by a broken
shaded band where its locaticon is merely inferred. It separates shelf facies from
geosynclinal facies in the Tertiiary sedimentary rocks and is a zone of pronounced
differential thickening and subssidence (Evans, 1964). Structural relief on the Eocene
across the Hinge is 3-4 km or rmore and presumably much greater on the basement.
The Hinge apparently extends ssouth-southwest from Calcutta into the Bay of Bengal
and merges with a southwest-trrending structural zone interpreted as a Mesozoic con-
tinental margin of peninsular Incdia (Raman and others, 1986; Salt and others, 1986).
Comparison of gravity anomally profiles across the Caleutta-Mymensingh high and
the Hinge with typical profiles: across continental margins (for example, see Dehl-
inger, 1978) seems to support : interpretation of this region as a continuation of the
Mesozoic continental margin cof India.

The Hinge is bordered on thée southeast by the Bengal Foredeep anomaly domain
(we have adopted the term “Beengal Foredeep” to distinguish this region from other
regions that are part of the grezater Bengal Basin of some authors), This domain is
characterized by very long wawelength, low-amplitude, northeast-trending anomalies
that parallel the Hinge and hawe Bouguer values ranging from about 0 to 20 mGal.
The principal anomalies, from morthwest to southeast, have been named the Faridpur
Gravity Trough, Barisal Gravity; High (“Barisal-Chandpur” gravity high of Alam, 1972),
and Hatia Gravity Trough (seee fig. 2). The Hatia Trough is commonly depicted as
a north- or north-northwest-treanding feature (fig. 2), but its long-wavelength compo-
nent likely extends southwest ffrom the vicinity of Chittagong into the Bay of Bengal.
These three anomalies do not 1 correspond with features abserved on seismic reflec-
tion records and their origin has not been established.

Seismic, aeromagnetic, and ddeep-drilling data all indicate the presence of enormous
thicknesses of sedimentary depposits in the Bengal Foredeep domain. Estimates of
maximum depth to basemernt range from 10-12 km (Hunting Geology and
Geophysics Ltd., 1981) to 18--20 km (Mirkhamidov and Mannan, 1981). The den-
sity deficiency of the sedimentts is not accounted for by the relatively high Bouguer
gravity field, as was early reccognized by Evans and Crompton (1946); the crust
beneath the sediments is requijred to be either denser than normal continental crust
or extraordinarily thin. The obsserved data can be modeled with a continental crust
thinning to 5 km in the viciinity of the Barisal gravity high and a mantle rise
{Mirkhamidov and Mannan, 1/981). However, recent investigations of earthquake
data indicate that the substrate: of the domain as a whole is of “continental” thickness
(Brune and Singh, 1986; see allso Varma, 1974). The substrate may consist of “tran-
sitional” mafic crust of Mesoizoic age, which might be expected to possess the
requisite density and thicknes:s and is typical of rifted continental margins. Depths
to basement computed by Miirkhamidov and Mannan (1981) do not reflect base-
ment relief carresponding spescifically to the Faridpur, Barisal, and Hatia gravity
features but instead delineate ia broad, north-northwest-trending depression, which
they named the Patuakhali Trcough (also see Shamsuddin, 1989, fig. 7). This trough
abuts in the north against a thasement rise, the Tangail-Tripura high. Their inter-
preted configuration of the bassement surface conforms in a general way to the base-
ment surface interpreted from aseromagnetic data by Hunting Geology and Geophysics
Ltd. (1981), although depths cialculated from the magnetics are much shallower (see
Rahman and others, 1990). Boyth sets of depth estimates suggest a basement depres-
sion more or less aligned with 1the outer margin of the Tripura-Chittagong Fold Belt,
as delineated on the basis of ainomaly perturbations attributable to concealed folds.

The Bengal Foredeep domaiin is bordered on the northeast and east by anomaly
domains associated with the {Sylhet (Surma) Trough and Tripura-Chittagong Fold
Belt, respectively. Both of the: latter domains are in areas having thick sequences
of sedimentary rock. The Sylthet domain consists mainly of a very deep (minimum
anomaly level -85 mGal) ancymaly depression, elongated in an easterly direction.
Discrete lows within the main, depression are produced by the interfering effects of
superimposed short-wavelenggth anomalies due to the northernmost folds of the
Tripyra-Chittagong Fold Belt.. These folds, readily identified on reflection records
and, in some cases, on satellite imagery, have variable northerly to easterly trends
as a result of the interaction 0sf east-west and north-south plate convergences. The
Tripura-Chittagong anomaly ddomain is distinguished from the Sylhet Trough domain
by much higher background amomaly levels and by the dominance of north-northwest-
to north-trending short-waveleength linear anomalies. Most of the linear anomalies
correspond to folds with promounced topographic expression. Anomaly values in
this domain range from aboutt +10 mGal to -32 mGal. However, the gravity field
of the eastern part of the dormain (Chittagong Hills) is poorly known.

The regional Bouguer anormaly map (fig. 1) has a total anomaly relief of about
233 mGal, the increase with resspect to that of the 1:1,000,000-scale map being mainly
due to inclusion of strongly pasitive anomalies over the Shillong Massif in the north
(+44 mGal maximum) and oyver the continental slope in the Bay of Bengal (+50
m@Gal maximum). This map (ifig. 1) better delineates the negative gravity anomaly
of the Himalayan Foredeep, tthe Malda gravity high, the gravity trough of the Bogra
Shelf, the Calcutta-Mymensinggh gravity high. and the Hatia gravity trough. The map
also reveals a regional gradieent belt that extends south from the Sylhet Trough
between longitudes 92° and| 93° E. This east-deepening Bouguer anomaly field
immediately east of the Tripurza-Chittagong Fold Belt indicates an accretionary wedge
of sediment and a deepening thasement. As much as 17 km of Tertiary marine sedi-
ment may overlie a substrate of oceanic crust in the Indo-Burman Ranges (Curray
and others, 1979).

A general interpretation of ' the regional map (fig. 1) has been made by Ali and
Raghava (1985), building orn the work of Verma and Mukhopadhyay (1977),
Choudhury and Datta (1973),, and many others. An important focus of the Ali and
Raghava interpretation is regiional-residual separations. They point out that exag:
gerated residuals and lack of aadequate density controls may have led to overestima-
tion of the thickness of sedimmentary rock in the Sylhet Trough and elsewhere in
previous gravity interpretations;. If so, revised gravity-based depths may be more nearly
compatible with basemnent depths estimated from aeromagnetic data. The latter have
yielded depths of only 6-7 km for the Sylhet Trough (Hunting Geology and
Geophysics Ltd., 1981 see also Rahman and others, 1990, fig. 1). However, the
magnetics may be detecting inttra- t rough mafic lavas rather than the density basement.

Data from the regional maps also permit a gravity interpretation of the Dauki fault
zone as a tectonic boundary between the Sylhet Trough and the Shillong Massif.
The Dauki Fault was originally interpreted as a tear fault with 250 km of right-lateral
displacement (Evans, 1964). All available geclogical information suggests that the
Shillong Massif is a continuattion of the Archaean of the Rajmahal area through the
Rangpur Platform. Recent wourk indicates that the Dauki Fault is a high-angle reverse
fault with a lateral componentt and is the southern limit of a possible thrust beneath
the Shillc.ng Massif (Herd, 19849; Johnson and Alam, 1990; Molnar, 1987). The gravity
gradient across the Dauki zome seems to support the concept of a density overhang
but requires further analysis. We find no evidence from either the Bouguer gravity
anomaly map or the aeromaignetic anomaly map (Rahman and others, 1990) to
suggest that the Dauki fault zzone continues west across northwestern Bangladesh.
Gravity gradient trends (fig. 1)) instead suggest that the fault splays to the northwest
with decreasing offsets, as thoough the Shillong block has been rotated about an east-
trending horizontal axis alongg its northern margin,
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Archaean crystalline rock of the Shillong Massif occurs at a maximum elevation
of about 2 km and a mean elevation of perhaps 1 km above the surface of the Sylhet
area (approximately sea level). Yet Bouguer anomaly levels over most of the Shillong
Massif are strongly positive (fig. 1), reaching levels of about +25 mGal even where
the elevation exceeds one kilometer. Pratt-Hayford residual isostatic anomalies on
the Shillong Massif are as large as + 100 mGal; those for the Sylhet Trough are
negative with a minimum of about -50 mGal (Gulatee, 1956). Isostatic anomalies
over most of the remaining area on figure 1 are near zero. The significance of the
Shillong/Sylhet anomalies has been addressed by Qureshy (1971), Verma and Gupta
(1973), Verma and others (1976), Verma and Mukhadpadhyay (1977}, and Ali and
Raghava (1985), among others. Verma and others (1976) proposed that mafic
material has been intruded along the Dauki fault zone to account for the large positive
anomalies of the Shillong Massif. Regionality of isostatic compensation for the
Shillong-Sylhet area was advocated by Verma and Gupta (1973); Chen and Molnar
(1990) emphasize the role of an underthrust slab in providing the strength of crust
necessary to support the Shillong Massif. We speculate that rise of the Shillong Massi
is in some way related to northward advance of the Hinge during plate convergence,
and perhaps ultimately to differences in crustal competence between initially Archaean
and subsequently “transitional” Mesozoic crust that is being underthrust.
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Figure 2 : GENERALIZED TECTONIC MAP OF BANGLADESH AND ADJOINING AREAS
Modified from Alam and others (1990)
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