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Identification of regional-scale cuspate–lobate folds in Singhbhum
region, India using satellite remote sensing
In the Precambrian Singhbhum craton
of Eastern India, the area north of the
Singhbhum shear zone and south of
Chota Nagpur Plateau is known as the
North Singhbhum Mobile Belt (NSMB).
Many researchers have made valuable
contributions towards the understanding
of stratigraphy, structural and tectonic

evolution, and economic geology of
this region. The objective of the present
study is to report regional-scale cuspate–
lobate folds1 in the Proterozoic NSMB
based on the study of satellite imagery.
The NSMB comprises Proterozoic
Singhbhum Group and the Dalma Lavas2.
The Singhbhum Group of rocks occurs

Figure 1.

between Singhbhum shear zone and
Dalma syncline (Figure 1). The area
extends over a strike length of more than
150 km with a broadly east-west arcuate
trend that is convex northward.
The Singhbhum Group is composed of
a thick sequence of mainly amphibolite
facies meta-sedimentary rocks of Chaibasa

Geological map of the study area (after Saha2).
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Formation, which is overlain by a sequence of thick green schist facies metasedimentary rocks of Dhalbhum Formation. The Chaibasa Formation consists of
garnet, staurolite, kyanite-bearing mica
schists associated with up to 14 quartzite
bands and numerous bands of ortho- and
para-amphibolites. The Dhalbhum Formation consists of chiastolite, chloritoid,
magnetite, chlorite-bearing phyllites associated with four quartzite bands. The
Chaibasa Formation is more arenaceous
in comparison to the Dhalbhum Formation. The estimated thickness of the Chaibasa and Dhalbhum Formations is 7–8
and 2–4 km respectively3,4.
The contact plane between Chaibasa
and Dhalbhum Formations on the geo-

Figure 2.

Figure 3.
image.
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logical map is zigzag; the cause for this
is not clear. The geomorphological cause
was first examined. It was found that
alternate sharp and broad closures could
not be due to erosion by the Subarnarekha River, which is the only major
river along the entire stretch of the study
area. Therefore, the possibility that geometric outline between these two formations could be due to folding was
explored through a study of satellite
imagery.
The boundary between Chaibasa and
Dhalbhum Formations was traced from
two standard FCC of IRS P6 LISS III
satellite images (path: 105 and 106, row:
65 and 56 dated 10 December 2003 and
25 February 2004 respectively) using

IRS P6 LISS III FCC image of the study area.

Boundary between Chaibasa and Dhalbhum Formations as drawn from satellite

ERDAS IMAGINE 9.2 software (Figure
2). For this purpose, first, the histogram
equalization of the image was performed
for contrast enhancement. Then, the
landform and dissection pattern was
studied interactively to draw the interface. Finally ground truth in selected sectors was performed for checking the
nature of interface drawn between the
two formations (Figure 3). The interface
thus obtained from the imagery was
found to be due to folding.
It may be pertinent to mention here
that previous structural studies have
shown that NSMB is a polyphase folded
terrain. There are evidences for four
phases of folding2–11. Isoclinal folds, F1,
folded the bedding planes. An axial planar schistosity, S1, developed during this
deformation and the accompanying
metamorphism. The F1 folds show variable plunge. F2 folds on bedding and S1
schistosity, are open upright to isoclinal
reclined; their axial planes have eastwest strike and steep northerly to vertical
dip. F3 folds are superposed on F1 and F2
and are prominent throughout the area.
They are open upright to isoclinal reclined folds. The axial plane of the F3
folds strikes NNE to NE in the eastern
part and N–S in western part of NSMB.
A well-developed fourth phase of folding
(F4) has locally refolded the planar structures in the western part. The mesoscopic
folds showing gently plunging northwest–southeast trend in the Ghatshila–
Galudih region are F1 and F2 folds.
Cross-folds (F3) are formed in the northeast–southwest direction giving rise to
culminations and depressions in many
places in the eastern part2 and N–S direction in the western part. The large-scale
ESE–WNW trending folds within the
Singhbhum Group in the extreme western part of the Dalma syncline are clearly
late folds (F4)2.
To establish the style of the folds observed on satellite imagery, the geometry
of the interface on profile section is
required. For this, we first unfolded the
late F4 folds of extreme western part
(assuming that homogeneous strain during F4 folding is negligible). Then from
Jamshedpur (lat. 22°48′20″, long.
86°12′10″), the traced curve interface
was divided into two parts, as the plunge
directions of F3 folds are different for
these two sectors. Both the parts were
separately drawn on a tracing film. The
axis of the folds in the eastern part is
roughly directed towards 20° from north
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Figure 4. Grid pattern drawn according to plunge of fold axis: a, eastern part of the study area;
b, western part of the study area.

Figure 5.

True profile of the study area; green points represent inflexion points of the folds.
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and plunges almost 65°. The axis of the
folds in the western part is directed
almost north–south. Grid pattern is
drawn for both according to the plunge
direction of the fold axes with a separation of 3 cm in both x and y directions
(Figure 4). In order to obtain the actual
curvature of the interface on the profile
section, the length of the y-axis of each
grid is reduced to y sin θ (where θ is the
plunge axis of the fold)1 using COREL
DRAW software. After modifying the
length of the y-axis, the two parts are
combined. Thus, the curvilinear interface
on the profile section is obtained (Figure
5). From the profile section, this largescale folded surface is concluded to be
cuspate–lobate fold showing alternate
cuspate (southerly closing synforms) and
lobate (northerly closing antiforms).
Cuspate–lobate folds are characteristic
of compressed (layer parallel) interfaces
separating layers of differing mechanical
competence, wherein the lobate folds are
cored by the more competent and cuspate
folds by the less competent materials1,12.
In the present case, Chaibasa Formation
acted as multilayered competent unit and
Dhalbhum Formation acted as incompetent unit as indicated by lobate and cuspate folds.
According to Ghosh13, when the ease
of gliding is great within the competent
multilayer and the competency contrast
between the multilayer and confining
medium is less, folding at the interface
will be cuspate–lobate type. It was
experimentally shown by Mondal14 that
for the development of cuspate–lobate
folds in a multilayer sequence, mechanical instability within the multilayered
competent unit is an essential prerequisite. In the study area, the metamorphism
reached its peak during DF2 and outlasted the deformation7. Pervasive axial
plane schistosity (S2) that developed
within the rocks of Chaibasa Formation
during DF2 deformation is oriented parallel to the local trend of rocks. At the onset of DF3, this fissility enhanced the
mechanical instability that facilitated
the formation of cuspate–lobate folds by
buckling process.
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India’s first dinosaur, rediscovered
‘Reasoning from analogy at Jubbulpore,
where some of the basaltic cappings of
the hills had evidently been thrown out of
craters long after this surface had been
raised above the waters, and become the
habitation both of vegetable and animal
life, I made the first discovery of fossil
remains in the Nerbudda valley. I went
first to a hill within sight of my house in
1828, and searched exactly between the
plateau of basalt that covered it, and the
stratum immediately below; and there I
found several small trees with roots,
trunks, and branches, all entire, and
beautifully petrified. They had been only
recently uncovered by the washing away
of a part of the basaltic plateau. I soon
after found some fossil bones of animals.’
–W. H. Sleeman1
So begins the history of Indian dinosaur
studies. The bones that Sleeman collected from the beds underlying the Deccan Traps at Jabalpur would soon embark
on ‘rambles’ of their own2. Sleeman sent
two fossil bones to G. G. Spilsbury, a
civil surgeon, who himself collected a
third bone from the same bed. In 1832,
Spilsbury sent all three to Calcutta antiquarian, James Prinsep. By 1862, these
fossil bones were presented to Thomas
Oldham, the first Director of the Geological Survey of India. Surgeon–
botanist Hugh Falconer, co-discoverer of
the Siwalik vertebrates3, provided the
first description of two bones, which he
identified as caudal vertebrae, and pre34

sented illustrations of the better preserved
element4. Falconer correctly identified
the vertebrae as reptilian but refrained
from coining a name for them, probably
because the manuscript, published posthumously, was not intended for publication. It was not until 1877 that Sleeman’s
discovery was finally recognized as a
new genus and species of sauropod dinosaur called Titanosaurus indicus (‘Indian
titan reptile’) by Richard Lydekker5. He
named a second species from Jabalpur,
T. blanfordi (‘Blanford’s titan reptile’),
just two years later6. At that time, only
approximately 115 dinosaur species had
been identified, less than 10% of the
1401 species known by 2004 (ref. 7).
After passing safely through many
hands for over the course of half a century, the original remains of T. indicus
went missing. It is not known exactly
when this happened, or even who was the
last to examine them, but we were not
able to find mention of first-hand observation of T. indicus bones subsequent to
Lydekker’s last treatment of them6. A
cast of the specimen is present in the
Natural History Museum, London
(NHMUK OR40867).
T. indicus holds a special place as
India’s first recorded dinosaur, discovered only four years after the discovery
of the first-named dinosaur Megalosaurus8 and 14 years before the name ‘Dinosauria’ was coined9. Like Megalosaurus
and other early-named dinosaurs such as
Iguanodon10 and Cetiosaurus11, Titanosaurus was based on limited material

whose diagnostic features were eventually made obsolete by the discovery of
more complete remains12,13. The first
such discoveries were made by Charles
Matley and Durgasankar Bhattacharji in
the early 1900s (refs 14 and 15). Excavations near the probable location of Sleeman’s original site in Jabalpur produced
the braincase and partial skeleton of Antarctosaurus septentrionalis16 (whose
genus name has since been changed to
Jainosaurus17), a partial postcranial
skeleton of a second, smaller individual
of the same genus18,19, as well as many
isolated bones. Many of the theropod
remains were shipped to London for
preparation and description in 1922 and
1925; most of them were returned to
India in 1936, along with a plaster cast of
the partial hind limb of Jainosaurus2.
There is no manifest for this shipment, so
it is not known exactly which specimens
made the trip to and from London. Barnum Brown visited Bara Simla and made
additional collections of theropod20 and
sauropod21,22 remains, which are housed
at the American Museum of Natural History. More recent excavations elsewhere
in India have added to the initial discoveries of Matley and Bhattacharji at Bara
Simla and Chhota Simla (Jabalpur). One
of most important was an accumulation
of several hundred bones21,23–25 in strata
just below a prolific egg-bearing horizon26,27 in Rahioli, western India. Another such locality was Dongargaon in
central India, some 335 km south of
Jabalpur. The Dongargaon locality
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