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Magnetic study along a transect joining the sites of
Ocean Drilling Programme (ODP) leg 116 (1°S,
81°24’E) and the vicinity of Deep Sea Drilling Project
(DSDP) site 218 (7°N, 87°30’'E) revealed the presence
of a wide magnetic smooth zone sandwiched between
the known Late Cretaceous anomaly A34 (= 84 Myr)
and the younger magnetic anomaly sequence of Early
Cretaceous crust, represented by MO0 (= 118 Myr).
The smooth magnetic zone seems to have evolved
during the Cretaceous long normal polarity epoch
(superchron K-T) 118-84 Ma and is usually referred
to as the Cretaceous magnetic quict zone. Identi-
fication of this zone in the distal Bengal Fan perhaps
serves as a missing link between the Early Cretaceous
and the Late Cretaceous evolution of the crust and
establishes a continuous evolutionary record of the
Bay of Bengal since India’s breakup from the eastern
Gondwanaland continents.

SEVERAL plate reconstruction models have been proposed
for the breakup of Pangea and the eastern Gondwanaland,
in which the east coast of India and the Enderby
Landmass of Antarctica were juxtaposed and the western
margin of Australia lies east of Greater India during

CURRENT SCIENCE, VOL. 72, NO. 9, {0 MAY 1997

the Late Jurassic'™''. The breakup of India from the
Antarctica—Australian plate sets the stage for the evo-
lution of the Bay of Bengal and the eastern Indian
Ocean. The Bengal Fan is one of the thickest sedimentary
basins of the world'>*. Powell et al.” were of the view
that the magnetic anomalies will be hard to find off
the east coast of India due to huge sediment accumulation.
Though extensive underway geophysical data was
collected during the International Indian Ocean Expedi-
tion Programme (1959-1965) and subsequent expeditions
to unravel the evolutionary history of the Indian
Ocean'®"®, not much was known about the age and
nature of the ocean floor of the Bengal Fan®?%?',
Various plate reconstruction models®’** show the stage-
by-stage evolution of the eastern Indian Ocean since
the Late Cretaceous (84 Myr) to the Present. However,
refined plate reconstruction models for the early opening
prior to Late Cretaceous are poorly constrained'® due
to inadequate geophysical data, particularly in the Bay
of Bengal, northeastern Indian Ocean.

Recent geophysical studies™?** in the northern Bay of
Bengal revealed the presence of N30°E trending Mesozoic
magnetic anomaly sequence M11 to MO (corresponding
132.5 to 118 Myr age old crust) and N120°E (= NW-SE)
trending fracture zones (Figure 1). The direction of these
fracture zones indicates the initial motion of the Indian
plate from Antarctica—Australia immediately after the
Early Cretaceous breakup. In the present study, a smooth
magnetic field has been observed on a transect joining
the sites of ODP leg 116 and the vicinity of DSDP
site 218 over a distance of about 415km continuing
from the known Late Cretaceous anomaly A34
(=84 Myr) and culminating with the Early Cretaceous
crust. This magnetic smooth zone is significant for
establishing the continuous evolutionary history of the
Bay of Bengal since India’s separation from the eastern
Gondwanaland during the Early Cretaceous.

About 1200 line km of bathymetry, magnetic, gravity
and multichannel seismic reflection data along the tran-
sect joining the sites of ODP leg 116 and the vicinity
of DSDP site 218 have been collected onboard ORV
Sagarkanya during 1995 (April-May). The processed
data (Figure 2) has been used to infer the nature and
age of the crust in the distal Bengal Fan to better
constrain the evolutionary history of Bengal Fan.

The identification of the Early Cretaceous crust™
and the Late Cretaceous crust>®® in the northern and
southern Bay of Bengal respectively suggests that the
ocean floor of the Bay of Bengal should have a con-
tinuous evolution record since the Early Cretaceous.
This can be established either by the sampling of the
oceanic basement rocks or by the study of seafloor
spreading type of magnetic anomalies. We have used
the total intensity earth’s magnetic field data to infer
the nature of the basement. The observed magnetic
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Figure 1. Tectonic summary chart of the northeastern Indian Ocean
and the Bay of Bengal®®. The Mesozoic magnetic anomaly lineations
and NW-SE trending fracture zones dominate the northern Bay of
Bengal”, The thick line joining the sites of ODP leg 116 and the
vicinity of DSDP site 218 represents the multisensored geophysical
transect (gravity, magnetic, bathymetry and multichannel seismic
reflection data). The 415 km extent of the Cretaceous magnetic quiet
zone (CMQZ) sandwiched between the Early Cretaceous and Late
Cretaceous crusts has been shown with hatching.
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record (Figure 2) is characterized with magnetic anomaly
34 signature at the sites of ODP leg 116, about 415
km wide smooth magnetic field with subdued amplitudes
(<50nT) and chain of magnetic anomalies with 200-
600 nT amplitude towards northeastern end of the profile.
The smooth magnetic field culminates with a positive
magnetic anomaly, which, perhaps, represents the younger
anomaly MO (=118 Myr) of the Mesozoic sequence.
The crust between the magnetic anomaly isochrons M0
and 34, evolved during the Cretaceous long normal
polarity epoch (superchron K~T), corresponds to 118-84
Myr and has been commonly referred to as the Cretaceous
magnetic quiet zone (CMQZ)®. Roots and Srivastava’
quoted that the mechanism for occurrence of such mag-
netic smooth/quiet zones could be due to (i) period of
non-reversal of the Earth’s magnetic field” (ii) mag-
netization of the seafloor close to the magnetic equator®
(iii) spreading being slow, the anomalies produced were
too narrow to be individually resolved at the sea surface®
and (iv) initial spreading between margins being markedly
oblique to the spreading direction with the consequent
fragmentation of the ridge into short spreading segments
and the resultant production of magnetic source blocks
too small to be resolved at the sea surface’. During
this Cretaceous long normal polarity interval major plates
reorganization has also been reported*’?',

Analysis of the geophysical data revealed a distinct
record (Figure 2) of about 415 km wide magnetic smooth
zone prior to anomaly 34 (= 84 Myr) in the distal Bengal
Fan. Occurrence of this magnetic smooth zone prior to
the Late Cretaceous magnetic anomaly isochron 34 sug-
gests that this magnetic smooth zone is sandwiched
between the Early Cretaceous and Late Cretaceous crusts,
We attribute this magnetic smooth zone to CMQZ as
mentioned earlier. The crude estimates reveal that the
crust of the CMQZ seems to have evolved with a
half-spreading rate of 1.2 cm/yr. Similar order of widths
and spreading rates prevailed over the magnetic smooth
zones elsewhere in the world oceans®. The estimated .
half spreading rate of 1.2 cm/yr for this magnetic profile
may be apparent since the direction of spreading during
the Middle Cretaceous was not known. At the same
time, the orientation of this profile seems to be nearly
parallel to the Early Cretaceous spreading ridge between
India and contiguous Antarctica—~Australian plates.
Roots™ offered an explanation that the initial spreading
between the margins that were markedly oblique to the
spreading direction results in the fragmentation of the
ridge into short-spreading segments. The resultant pro-
duction of magnetic source blocks became too small to
be resolved at the sea surface by magnetic observations.
Hence, low amplitude or smooth magnetic field would
result due to oblique spreading. The observed magnetic
profile (Figure 2) is distinctly characterized by such a
smooth zone, the known magnetic signature of anomaly
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Figure 2. Composite geophysical anomaly map along the transect joining sites of ODP leg 116 and the vicinity of DSDP site 218. Part of
the transect crosses the axis of the 85°E Ridge. The free-air gravity anomaly profile is characterized by long wavelength lows most probably
corresponding to the 85°E Ridge*. The free-air gravity profile is superposed with high frequency anomalies corresponding to the irregular
pinnacles of the exposed basement. The magnetic anomaly profile from southwest to northeast depicts the Late Cretaceous crust (magnetic

isochron 34, =84 Ma), Cretaceous magnetic quiet zone

(84-118 Myr) and the Early Cretaceous crust influenced partly by the 85°E Ridge. The

line drawing of the unprocessed near trace record represents the seabed and the acoustic basement most probably the real basement. The basement

of the CMQZ is relatively smooth and deeper.

34 (= 84 Myr) and the Early Cretaceous seafloor spread-
ing type magnetic anomalies. The estimated average
spreading rate for the Early Creataceous crust in the
Bay of Bengal was 3.4 cm/yr (refs 23, 24). The two
different spreading rates, i.e. 3.4 cm/yr for the Early
Cretaceous crust represented by Mesozoic anomaly se-
quence M11-MO (133-118 Ma) and the Cretaceous quiet
zone (118-84 Ma) suggest that the seafloor spreading
process slowed down during the K-~T superchron with
simultaneous major plates reorganization (India, Antarc-
tica—Australia). Poehls et al? reported similar
slow-spreading rates (1.5 cm/yr) for the north Atlantic
smooth zone.

The basement of the CMQZ, mapped from the seismic
reflection profile in the distal Bengal Fan, occurs at
about 8=9 km from the sea surface with an average
sediment thickness of 3—4 km (Figure 2). This basement
is relatively smooth. The CMQZ culminates with the
crust of magnetic isochron 34 (=34 Myr) at the sites
of ODP leg 116, while towards north it merges with
the Early Cretaceous crust of about 118 Myr (Figure 2).
The boundaries of the CMQZ are marked by a sharp
difference in the magnetic field. This may be an edge
effect and is due to the amalgamation of CMQZ crust
with the two different ages of the crust in the Bay of
Bengal. The crust of the CMQZ between the magnetic
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anomaly isochrons MO and 34 (118-84 Ma) near the
northern exposure of the Ninetyeast Ridge (Figure 1)
appears to be affected by the subduction processes,
resulting in a narrower width of CMQZ. This part of
the CMQZ crust in the Bay of Bengal may be an
exception so far as the general width of the CMQZ in
question is concerned.

The eastern Gondwanaland plate reconstruction models
presented hitherto®*!® seem to be incomplete due to
lack of information about the age of the crust and trends
of fracture zones in the Bengal Fan prior to the Late
Cretaceous. This led to suggest India’s breakup from
the eastern Gondwanaland around magnetic isochron M0
(118 Myr) (ref. 10) and around M4 (126 Myr) (ref. 20).
Further, a small segment of magnetic anomaly zone off
the east coast of India has been interpreted as a magnetic
smooth zone®' prior to the Mesozoic anomalies. Banerjee
et al.* have also interpreted the presence of Barremian
or younger oceanic crust in the Bay of Bengal.

Mapping of considerably wide CMQZ (=415 km) in
the distal Bengal Fan from the present studies serves
as a vital missing link between the Early Cretaceous
and Late Cretaceous crusts evolved during the rifting
and drifting of the Indian plate from the Antarctica-
Australian plate during the Early Cretaceous period.
Further, the present studies provided an observational
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Figure 3. Schematic representation of the breakup of eastern Gond-
wanaland mass since the Early Cretaceous. Stage /. The configuration
of the continents prior to 133 Myr; Stage /1. India separated and moved
in the NW-SE direction from the Enderby Landmass of Antarctica
and about 1100 km wide Early Cretaceous crust, represented by the
Mesozoic anomaly lineations M11 to MO, was evolved with an average
spreading rate of 3.5 cm/yr. The spreading centre was between India
and Antarctica; Srage [Il. The spreading rates decreased to 1.2 cm/yr
and about 415 km wide Cretaceous magnetic quiet zone was evolved
and India started moving from NW to NS direction; Stage [V. The
northward movement of India was rapid and the late Cretaceous to
Late Eocene crust with various tectonic elements like fracture zones,
plateaus, seamounts and extinct spreading centres was evolved in the
Indian Ocean. The evolutionary history of the northeastern Indian
Ocean was well-documented since the Late Cretaceous to the Present.

evidence to develop a realistic plate reconstruction model
of the eastern Gondwanaland after the Early Cretaceous
breakup. We propose the evolutionary history of the
Bay of Bengal in four stages (Figure 3) on the basis
of the identification of the CMQZ, and the Mesozoic
anomaly sequence M11-MQ and N120°E trending fracture
zones™*. During the first stage, the breakup of the
Greater India from the contiguous Antarctica~Australian
plate was initiated prior to 133 Myr. During the second
stage (132.5-118 Myr) India separated from the Enderby
Landmass of Antarctica and moved approximately in
NW-SE direction, producing about 1100 km of Early
Cretaceous crust characterized by M11-MO anomalies
in the Northern Bengal Fan. Around this time the
continental extension between Antarctica and Australia
took place and the eastern part of Greater India and
Australia got separated, producing M10 and younger
anomalies on the western margin of Australia®. In stage
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three (118-84 Myr), the direction of the Indian plate
changed from NW-SE to N-S, with a slow spreading
rate of about 1.2 cm/yr with spreading centre in between
Indian and Antarctica—Australian plates and created about
415 km wide CMQZ. During this Cretaceous quiet period
the trace of the Ninetyeast Ridge was also evolved™® in
the Bay of Bengal as the Indian plate moved over the
Kerguelen hotspot, and the India’s separation from Mada-
gascar took place. During stage four (84—40 Myr), India’s
northward motion accelerated and Late Cretaceous to
Late Eocene ocean floor was evolved with various
tectonic elements like N-S trending fracture zones,
plateaus, seamounts, extinct spreading ridges, etc. in the
north eastern Indian ocean.
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Concentrations of Pt, Pd, Au and Ag in some ore
samples and sulphide-rich flotation products from
the Jaduguda uranium deposit in Singhbhum (Bihar)
are reported. In all the samples analysed, Pd far
predominates over Pt, and Ag over Au. The geo-
chemical significance of these concentrations is dis-
cussed.

THAT the copper ores of Singhbhum Shear Zone, Bihar,
contain significant trace quantities of valuable metals
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like Au, Ag, Te, Se, Bi, Co, Ni is well known'. Some
of these metals, like Au, Ag, Te and Se are recovered
from the anode slimes generated during electrolytic
refining of copper in the smelter of Hindustan Copper
Ltd at Ghatsila, Bihar. These metals are concentrated
along with copper during flotation. The Mosabani ore
is reported to contain an average of 0.25 ppm Au' and
the Rakha copper ore 0.07 ppm (ref. 2). The occurrence
of suspected osmiridium has been reported in the mineral
separates from Mosabani®. However no data on the
contents of PGE, Au and Ag in the different uranium
ore deposits of the Singhbhum Shear Zone are available.
Here we present some data on the Au, Ag, Pd and Pt
contents in samples of uranium ore from Jaduguda and
in the sulphide mineral-rich concentrates separated from
the ore in the Jaduguda mill of Uranium Corporation
of India Ltd.
The following six types of samples were analysed:

i) Two bulk samples drawn from two different levels
of Jaduguda mine and one sample of run-of-mine
ore from Narwapahar Mine;

ii) A Ni-rich grab-sample from the 295m level, and
a Cu-rich grab sample from the 550 m level, both
from the footwall lode in the Jaduguda mine;

iii) A number of samples drawn from the bulk sulphide
float produced in the by-product recovery plant
(JBRP) of Jaduguda mill;

iv) A sample of the heavy mineral fraction of the bulk
sulphide float, obtained by tabling;

v) Two samples of copper concentrate produced in
the JBRP; and

vi) Some test products of roasting and leaching of the
bulk sulphide float.

Pt, Pd, Au and Ag contents of most of the samples
have been analysed by ICP-MS, Model PR1, manufac-
tured by Fisons Instruments Inc., UK, in the Geoche-
mistry Laboratory of National Geophysical Research
Institute, Hyderabad. The samples, ground to a state
that passed through 230# BSS, were dissolved using
aqua regia, bromine and hydrofluoric, perchloric and
nitric acids. Rh at a concentration of 100 ng/ml was
used as the internal standard, as the samples were found
to contain negligible amounts of rhodium. The details
of the analytical procedure are published elsewhere’.
The precision of estimation is better than *10%. The
Au contents of a few of the samples have been analysed
by INAA in the Analytical Laboratory of AMD, while
the Ag contents of some of the samples have been
determined by AAS in the Ore Dressing Section of
BARC. The precision of these analyses is not known,
but as the values are in the same range as obtained in
the ICP-MS, are believed to be good.

The results are given in Table 1. Where three or
more samples of the same type have been analysed, the
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