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KEY POINTS 

1. Identification of marine magnetic anomalies M12n to M0 in the Western Basin of the Bay of Bengal conjugate to the 
Western Enderby Basin, off East Antarctica. 

2. Establishment of boundary between continental and oceanic crust in Bangladesh along line joining the Rajmahal and 
Sylhet traps (R-S line). 

3. Ridge jumpby~118Ma from the Western Enderby Basin to the R-S line with a likely change in spreading direction 
for the Indian plate. 

4. The 85°E Ridge was initially evolved as a fracture zone, and subsequently associated with volcanism.  
5. The oceanic crust of the Western Basin of the Bay of Bengal is older than the crust of the Eastern Basin and Bangla-

desh. 

 

Abstract  

We are able to decipher the tectonic evolution of the Bay of Bengal, a puzzle which has not been satis-
factorily solved in the past and are also able to shed new light on origin of the buried 85°E Ridge. We 
do so by incorporating a number of disparate items into a unified solution. These items are the marine 
magnetic anomalies in the Western Basin of the Bay of Bengal, the Rajmahal and Sylhet traps and Deep 
Seismic Sounding lines in India, a prominent magnetic anomaly doublet and seismic Seaward Dipping 
Reflectors in Bangladesh, and a new precise gravity map of the Bay of Bengal. We identify seafloor 
spreading magnetic anomalies ranging in age from 132 Ma (M12n) to 120 Ma (M0) in the Western Ba-
sin. These anomalies are “one sided”, the conjugate anomalies lie in the western Enderby Basin, off 
East Antarctica. The direction of spreading was approximately NW-SE, and the half spreading rates 
varied from 2.5 to 4.0 cm/yr. With the arrival of the Kerguelen plume around M0 time, seafloor spread-
ing was reorganized and a new spreading axis opened at or close to the line joining the Rajmahal and 
Sylhet traps. The prominent magnetic anomaly doublet connecting the Rajmahal and Sylhet traps indi-
cates that these traps are not individual eruptions at about 118 Ma, but rather, together, define the new 
line of opening. Spreading started at this line and subsequently India changed direction from west to 
north. The new oceanic crust, thus generated, underlies Bangladesh and the Eastern Basin of the Bay of 
Bengal and is younger than 118Ma. The western boundary of the new ocean floor is a transform fault 
which was generated by the spreading axis jump. This transform fault appears as the 85°E Ridge, and 
further north, on land, as a negative free-air gravity anomaly strip. A unique feature of the northern 
boundary of the new oceanic crust is that due to the later deposition of enormous sediments derived 
from the Himalayan orogeny, it lies onshore Bangladesh, in contrast to most continent ocean boundaries 
in the world, which lie offshore. 



1. Introduction and Background  

The tectonic evolution of the Bay of Bengal which lies off the east coast of India is intimately related to 

the early opening of the Eastern Indian Ocean. Norton and Sclater [1979] have first described the over-

all evolution of the Indian Ocean, but the details of the tectonic evolution of the Bay of Bengal have not 

yet been unraveled. These details principally involve knowing the nature and age of the underlying 

crust. Three methods are characteristically employed for this purpose - drilling to basement, seismic 

refraction to determine velocities of deep crustal rocks, and examination of marine magnetic lineations 

created by seafloor spreading. None of these methods have worked. No drill holes down to basement 

exist, nor are there seismic refraction measurements that provide velocities of crustal rocks. Ramana et 

al. [1994] did interpret the magnetic anomalies in the Bay of Bengal, however their interpretation was 

not generally accepted, as discussed later.  

Our research incorporates two seemingly unrelated findings. The first is a satisfactory interpretation of 

marine magnetic data in the Western Basin of the Bay of Bengal. This interpretation is not only compat-

ible with the interpretation of anomalies in the conjugate western Enderby Basin, but taken together 

they provide new insights to the evolution of the Eastern Indian Ocean. The second is by combining 

petrological, seismic reflection, Deep Seismic Sounding (DSS) and magnetic information in Bangla-

desh and adjacent parts of India, we are able to discern a boundary between continental and oceanic 

crustal rocks at a distance of several hundred kilometers inland from the shore line. Using these find-

ings, we have been able to build on other existing data to arrive at a detailed description of the early 

opening of the Eastern Indian Ocean and the evolution of the Bay of Bengal and Bangladesh. We have 

not only been able to work both on land and at sea, across different disciplines, but also across interna-

tional borders to combine disparate pieces of evidence to help solve this puzzle. 

2. Gravity Map of the Bay of Bengal 

Figure 1 shows a satellite derived free-air gravity anomaly map of the Bay of Bengal. Aside from the 

large gravity anomalies associated with the Indian continental margin and the subduction zone to the 

east, the most striking gravity features in the Bay of Bengal (as well as the most studied) are the buried 

85°E Ridge (with a gravity low) and the Ninetyeast Ridge (with a gravity high) [Curray et al., 1982]. 

The Ninetyeast Ridge was created by the Kerguelen hotspot as the Indian plate traveled north over it 

[Mahoney et al., 1983; Weissel et al., 1991]. There appears to be no agreement regarding the origin of 

the 85°E Ridge, although most authors favor emplacement of the ridge over the pre-existing oceanic 

crust of the Bay of Bengal. These include a long lived or a short lived hotspot trace (Crozet or some un-

known hotspot) [Curray and Munasinghe, 1991; Michael and Krishna, 2011; Sreejith et al., 2011], a 



spontaneous volcanic origin [Chaubey et al., 1991] or the effect of horizontal compressive forces [Ra-

mana et al., 1997; Anand et al., 2009]. Kent et al. [1992] considered it a northern extension of the 86°E 

fracture zone, while Sar et al. [2009] suggested it could have a continental origin. Gibbons et al. [2013] 

inferred that the 85°E Ridge and the Kerguelen Fracture Zone formed as conjugate flanks of a 'leaky' 

transform fault following the ~100 Ma spreading reorganization of India. 

Two further facts regarding the gravity field of the 85°E Ridge are worth pointing out. One, that the 

eastern boundary of the 85°E Ridge has a large gravity gradient (~1.7 mGal/km). Such linear steep 

boundaries are often associated with fracture zones [Kruse et al., 2000]. This is in contrast to the gravity 

field of the Ninetyeast Ridge, which is widely dispersed and does not have such linear sharp boundaries 

[Krishna et al., 2012; Sreejith and Krishna, 2013]. Second, we note that the gravity low associated with 

the 85°E Ridge is flanked by two gravity highs, which at its simplest interpretation calls for a shallow 

mass deficit, compensated by a deeper mass excess. This is in contrast to the interpretation for the grav-

ity field of the Ninetyeast Ridge which has been attributed to a shallow mass excess and a deeper mass 

deficit [Bowin,1973]. These two facts suggest that the 85°E Ridge has a different origin from that of the 

Ninetyeast Ridge. 

In addition to the lineation associated with the eastern edge of the 85°E Ridge, only two other NW-SE 

trending discernible lineations in the gravity map can be seen. These lie off the east coast of Sri Lanka. 

The enormous thickness of sediments in the Bay of Bengal [Curray, 1994] could, of course, blanket the 

gravity effect of most basement structures. 

3. Magnetic Anomalies in the Bay of Bengal 

The interpretation of magnetic anomalies in the Bay of Bengal has been difficult, in part because it was 

suspected that the Bay of Bengal came into existence during the Cretaceous magnetic quiet period [Go-

pala Rao et al., 1997]. Ramana et al. [1994] identified Mesozoic magnetic anomalies M11 to M0 in the 

Central Bay of Bengal with half spreading rates up to 10 cm/yr.  These anomalies extending from the 

Western Basin to the Eastern Basin were claimed to be offset by several fracture zones and belonged to 

a single limb of the spreading center. The discovery by Gaina et al. [2003] of the existence of both 

limbs on either side of an extinct axis in the Enderby Basin invalidated the above interpretation. 

However, we are now able to satisfactorily interpret the magnetic anomalies along a few tracks in the 

Western Basin of the Bay of Bengal (Figure 2) with the known reversal chronology of the magnetic 

time scale [Gee and Kent, 2007]. To do so, we have plotted three magnetic profiles in Figure 3. These 

are: SK72-13 (Western Basin of the Bay of Bengal), its conjugate, rc1704-b (Western Enderby Basin) 

and a2093 (west of the Gunnerus Ridge). The profile a2093 traversing the Early Cretaceous crust in the 



Riiser-Larsen Sea [Konig  and Jokat, 2006] is used to lend support to the interpretation of the anomalies 

along the profile SK72-13.  

We believe that the correlations presented in Figure 3 adequately date the seafloor along the profile 

SK72-13 from M12n (132 Ma) to M0 (120 Ma). Correlation of the magnetic anomalies along SK72-13 

with other profiles in the Western Basin (Figure 2) indicates a roughly NW-SE direction of spreading 

with half spreading rates of 2.5 to 4.0 cm/yr. We note that the magnetic pattern is disturbed when the 

profiles approach the 85°E Ridge as well as the two circular gravity lows (Figure 2). There is one ex-

ception: the M0 chron could be identified on the 85°E Ridge. The NW-SE spreading direction in the 

Western Basin matches the trend indicated by lineations in the gravity field further south near Sri Lanka 

(Figure 1). Anomalies of similar age have been identified south and southeast off Sri Lanka [Desa et 

al., 2006; Gaina et al., 2007]. On the other hand, Jokat et al. [2010] inferred that the oceanic crust 

around Sri Lanka is of Middle Cretaceous age, while Gibbons et al. [2013] suggested the presence of 

younger Early Cretaceous anomalies M4 to M2. We too assert that the Early Cretaceous crust is not on-

ly confined to the location of the profiles in Western Basin shown here, but continues southward and 

“wraps around” Sri Lanka. 

This is the first reliable determination of the rate and direction of spreading in the Bay of Bengal ob-

tained from seafloor spreading type magnetic anomalies. Together with the anomalies in the conjugate 

Enderby Basin (discussed later), they enable us to reconstruct the opening in the Eastern Indian Ocean.  

4. Rajmahal-Sylhet Line – A New Opening 

The crust of Bangladesh is thought to be oceanic in nature [Alam et al., 2003]. We believe that the na-

ture of the Bangladesh crust holds one of the important clues with respect to the early tectonic evolution 

of the Eastern Indian Ocean. On either side of the northernmost part of Bangladesh, in India, lie the 

Rajmahal and Sylhet traps (Figure 4). These traps have long been suspected to be related to early tec-

tonic events of the Eastern Indian Ocean. The suggestion that the Rajmahal traps originated from a 

hotspot, and that the 85°E Ridge extending from the traps to the Afanasy Nikitin seamounts [Curray 

and Munasinghe, 1991] is a hotspot trace, has been rejected, in part, on petrological grounds [Kent et 

al., 2002]. A more acceptable suggestion has been that the eruption of the Rajmahal traps is best ex-

plained by the presence of the Kerguelen hotspot close to the Indian margin (but not directly below the 

traps), just after 120 Ma [Mahoney et al., 1983; Coffin et al., 2002; Kent et al., 2002]. This supposition 

has been supported by the presence of “contaminants” apparently derived from lower continental granu-

litic crust of the Eastern Ghats. The Rajmahal and Sylhet traps have the same age of about 117-118 Ma 

and their similarity on petrological and geochronological grounds has been noted [Baksi et al., 1987; 



Baksi, 1995; Ghatak and Basu, 2013]. It has also been suggested that both the traps originated from a 

single eruption with a very large diameter. What was not noted earlier, perhaps because it is in another 

country, Bangladesh, is that a magnetic anomaly doublet of very large amplitude, varying from greater 

than +250 to more negative than -250 nT lies between these traps [Rahman et al., 1990]. Considering 

the southern hemisphere location where the doublet was initially formed, it can be attributed to a nor-

mally magnetized body. Since the traps consist of highly magnetic materials, the doublet, with support-

ing evidence of its continuity on either side in India [Rajaram et al., 2006], can be extended to the traps. 

The continuity of the magnetic doublet implies that we are dealing with a single body that outcrops at 

two locations. This body is roughly linear in shape and we have termed it the Rajmahal-Sylhet (R-S) 

line. The eastern limit of the R-S line lies under the fold belt and is not known. 

South of the R-S line lies Bangladesh with its oceanic crust. Evidence for the R-S line being a zone of 

opening where the Bangladesh oceanic crust was generated comes from two seismic reflection lines 

shot by Prakla, PK-1 [Lohmann, 1995] and PK MY 8403 [Frielingsdorf et al., 2007]. Their locations 

and the traced seismic records are shown in Figures 4 and 5, respectively. Both these lines show Sea-

ward Dipping Reflectors (SDRs). Lohmann [1995] argues that these SDRs are trap rocks and equated 

them to the SDRs described, for instance, on the Argentine continental margin [Hinz, 1981]. Un-

published seismic records obtained by the oil company UNOCAL show these reflectors are spread over 

a large area in Bangladesh. Boreholes in an area south of the Rajmahal traps (Figure 4) also terminate in 

traps [Baksi et al., 1987]. The presence of SDRs interpreted as volcanic flows giving rise to large mag-

netic anomalies, is diagnostic of volcanic continental margins. A good example is the continental mar-

gin off the U.S. East Coast [Talwani et al., 1995]. Thus, there is little doubt that a boundary between 

continental and oceanic crust exists at or close to the R-S line. 

We also call attention to a rectangular strip enclosed by a -20 mGal gravity contour lying south of 

Rajmahal traps (Figure 4). Two contours indicating positive gravity values lie on either side [Singh et 

al., 2004]. These gravity contours are traversed by three DSS lines [Kaila et al., 1992, 1996]. The DSS 

lines run from the Chotanagpur Precambrian basement in the west to the sediment filled Bengal Basin 

to the east. Structure sections for the three lines are shown in Figure 6a. All three sections show a drop 

of basement from the Precambrian in the west to the sedimentary basin in the east. In the middle DSS 

profile, the basement drop from about 8 to 14 km is at a steep escarpment. It is instructive to compare 

the structure and gravity across the rectangular strip with that of the 85°E Ridge (Figure 6b). The gravi-

ty is negative over both the strip and the 85°E Ridge, with positive gravity values on either side. In both 

cases, there is a drop of basement to the east. On the 85°E Ridge, which has oceanic crust to the west, 

there is a drop off also to the west, while for the negative anomaly strip, there is continental crust to the 



west and no drop off. The much debated positive anomaly in the Kolkata region (with no structural 

cause below it) is similar to the positive anomaly east of the 85°E Ridge. Gondwana sediments overly-

ing continental crust are observed below the traps in the Palashi drill hole located towards the western 

margin of the negative anomaly strip (Figure 4) [Kaila et al., 1996]. This is the easternmost well in 

which Gondwana sediments are found indicating proximity to the eastern margin of the continental 

basement. As inferred later, the negative anomaly strip is at a boundary between continental and ocean-

ic crusts. 

5. Magnetic Anomalies in the Enderby Basin 

In order to obtain an Early Cretaceous reconstruction of the Eastern Indian Ocean from magnetic linea-

tions, we need to examine the magnetic anomalies in the Enderby Basin, conjugate to the Early Creta-

ceous lineations described above in the Bay of Bengal. Anomalies plotted along ships’ tracks are shown 

in Figure 7 and in schematic fashion in Figure 8. Just as in the Western Basin of the Bay of Bengal, ear-

ly investigators interpreted the magnetic anomalies in the entire Enderby Basin as “one sided”, that is, 

they were generated conjugate to the anomalies in the Bay of Bengal. This interpretation proved wrong 

when Gaina et al. [2003] discovered the presence of anomalies on either side of an extinct axis after 

M2 age in the Eastern Enderby Basin, making them “two sided”. Stagg et al. [2004] supported Gaina’s 

results and believed that the “two sided” nature of the anomalies extended to the Western Enderby Ba-

sin. In a later paper, Gaina et al. [2007] raised the possibility that the anomalies were “two sided only in 

the Eastern Basin (with the extinct spreading axis after M2 time), and may be one sided in the Western 

Basin. They also hinted that the stopping of spreading in the Eastern Enderby Basin (inferred from the 

“two sided” anomalies) required the opening of a new spreading center north of Elan Bank, a continen-

tal fragment [Borissova et al., 2003]. Gohl et al. [2008] also stated that the anomalies are two sided, and 

inferred M6 as the date of the extinct axis in the Princess Elizabeth trough, south of Southern Kerguelen 

Plateau.Further east, in the Labuan Basin, single sided anomalies M11 to M2 have been inferred [Gaina 

et al., 2007; Leitchenkov et al., 2010]. Gibbons et al. [2013] supported “two sided” anomalies in the 

Eastern Basin, but put the stop of spreading there at 115 Ma to best fit the magnetic anomaly picks in 

the Perth Basin, Western Australia. Thus, we see that there has been a general agreement that anomalies 

in part of Enderby Basin are two sided, but there has been difference of opinion as to the date at which 

the spreading stopped. 

Our observation of magnetic anomalies as seen in Figures 7 and 8 is that the anomalies in the Western 

Enderby Basin are one sided, and in the Eastern Enderby Basin are two sided. To solve the problem 

raised by the wide divergence in the different interpretations of the time of cessation of spreading and 

the location of the extinct axis in the Eastern Enderby Basin, we plotted magnetics as well as gravity 



along the profile rc1704-d. We centered the profile over a negative trough in gravity, which could rep-

resent an axial rift valley, and compared the original profile with the same profile “reversed” (Figure 9). 

The symmetry revealed by the agreement between the two profiles and the existence of the axis of 

symmetry over the gravity minimum gives us confidence of the “two sided” nature of the anomalies and 

that the time of cessation of spreading in the Eastern Enderby Basin is after M2 time. 

6. Plate Reconstruction Models 

Figure 10 represents reconstructions from 160 Ma (pre-breakup fit) to 120 Ma (M0) created using 

GPlates [Boyden et al., 2011] within the regional plate configuration [Gibbons et al., 2013]. The pre-

breakup fit reconstruction (Figure 10a) depicts the positions of the Eastern Gondwana landmasses, and 

several areas which were later to appear as microcontinents (Elan Bank, Central Kerguelen Plateau, 

Southern Kerguelen Plateau, Naturaliste Plateau, etc.) and which were juxtaposed in the Bangladesh 

region. The next reconstruction is done at M12n (132 Ma), the timing of the earliest identified magnetic 

anomaly in the Western Basin of the Bay of Bengal (Figure 10b). A good alignment of the M12n 

anomaly in the Western Basin of the Bay of Bengal with those in the Enderby Basin, suggest the 

breakup and commencement of seafloor spreading between India and Antarctica. The NW-SE trend of 

the flowlines indicates that this spreading is the continuation of the spreading between Greater India 

and Australia. The flowline east of Sri Lanka suggests the occurrence of transform motion along the 

conjugate margins of Lutzow-Holm Bay, East Antarctica and southeast coast of India-eastern Sri 

Lanka. We observed that the Elan Bank, Central Kerguelen Plateau and Southern Kerguelen Plateau 

remained with Greater India while Naturaliste Plateau was attached to Australia. 

The M2 (124 Ma) reconstruction exhibits excellent fit between the magnetic picks from the Indian and 

Antarctica plates (Figure 10c). The alignment of the synthetic flowlines and fracture zones suggests 

continued seafloor spreading, and the amount of crust generated in the Bay of Bengal-Enderby Basin 

region is in agreement with that off Western Australia. The “would be” microcontinents remained at-

tached as before. 

The M0 (120 Ma) reconstruction depicts that the spreading ceased in the Eastern Enderby Basin (Figure 

10d). A northward jump of the spreading axis is associated with the arrival of the Kerguelen hotspot on 

the Indian plate. R-S line became the new axis of spreading. Figure 11 is a sketch which details the 

plate boundary before and after the jump and Figure 12 is a detailed view of the M0 reconstruction. 

7. The ridge jump kinematics 

The pre and post ridge jump scenarios are illustrated in Figure 11. In the pre-ridge jump scenario, the 

plate boundary between Greater India and Antarctica is extensional. After the northward ridge jump, the 



southern segment of the plate boundary and the R-S line are extensional. In between, with the exception 

of a small offset, the boundary is transform. We believe that the 85°E Ridge is the southern portion of 

the transform and the negative anomaly strip in West Bengal is the northern part of the transform. Kent 

et al. [1992] have previously suggested that the 85°E Ridge is a fracture zone and a continuation of the 

86° fracture zone. Gibbons et al. [2013] have suggested that the 85°E Ridge was formerly a spreading 

ridge that converted to a transform fault when India changed direction from west to north. However, 

there is a question about the date at which this transform fault originated. Gibbons et al. [2013] believe 

the date to be 100 Ma; we imply that the date coincides with the date of the ridge axis jump. We return 

to this point later. 

The continent ocean boundary, before the ridge jump lies outboard of the block that became Elan Bank.  

It is also outboard of the area where parts of Kerguelen Plateau (termed KP in Figure 11, including 

Southern Kerguelen Plateau and perhaps Central Kerguelen Plateau) originated. The new line of open-

ing resulted in detaching these partly igneous landmasses from Greater India. They now reside (Figure 

11) in the Antarctica plate as Elan Bank and various parts of the Kerguelen Plateau [Weis et al., 2001; 

Ingle et al., 2002; Coffin et al., 2002]. The separation of Elan Bank from India by a ridge jump has been 

proposed by earlier authors [Gaina et al., 2007; Gibbons et al., 2013]. Our study confirms that Elan 

Bank was positioned in the Mahanadi region (Figure 11). We note that it is adjacent to the offset be-

tween the two transforms and we would expect the opening to be partly extensional here. Our study also 

suggests that parts of the Kerguelen Plateau are conjugate to the R-S line. 

We investigated the difference in the dates for the transform motion mentioned above. In the normal 

magnetic polarity epoch in the Cretaceous, Matthews et al. [2012] relied on the 55 degree change in the 

azimuth of the Kerguelen fracture zone in the Western Enderby Basin. They determined a distance of 

395 km between the fracture zone and the closest anomaly 34 isochron (Figure 7). Using a half spread-

ing rate of about 4 cm/yr, they calculated a time difference of about 10 m.y. which placed a date of 

about 93 Ma (using a date of 83 Ma for chron 34). However if we make a similar calculation from the 

closest M0 isochron, we arrive at a distance of 155 km, and using similar spreading rates, a time inter-

val of 3.9 m.y. is obtained. Subtracting this from the M0 date of 120.3 Ma, a date for the spreading di-

rection shift of 116.2 Ma is obtained. The difference between the two dates points to the uncertainties in 

this method for calculating the date for the change in spreading direction. 

Matthews et al. [2012] also made a calculation of the shift in spreading direction in the Wharton Basin.  

We notice firstly that the fracture zones in the Wharton Basin being curved do not resemble those in the 

Enderby Basin, and, secondly, if the authors had used the curved fracture zones, rather than an isolated 



straight fracture zone to calculate the time between M0 time and the shift, the shift would have occu-

pied a much larger possible range of time between 100 and 117 Ma. 

The suggestion that the shift in direction was not coincident with the ridge jump has merit in that it 

solves some problems in relation to the distance between the Elan Bank pseudofault and the Kerguelen 

fracture zone, but this suggestion raises other problems. If the 85°E Ridge represented an extensional 

boundary between 118 and 100 Ma, it would have resulted in the creation of a swath of oceanic crust 

about 500 km wide. We obtain this distance by assuming spreading for 18 Ma at a half spreading rate of 

4 cm/yr at an oblique angle of 45°. The swath should show SDRs where a new continent ocean bounda-

ry was created and not have negative gravity anomalies. The 85°E Ridge is only about 150 km wide. It 

has a negative gravity anomaly and the seismic reflection records show no SDRs. It is also unrealistic to 

expect an existing N-S 85°E Ridge to anticipate that a future spreading direction would be parallel to it. 

In sum, although we prefer a change in spreading direction to have taken place at the time of the ridge 

jump, we cannot, in view of all the uncertainties involved, disallow the possibility of a later spreading 

direction change and possibly a gradual one. 

8. Discussion and Conclusions 

The magnetic anomalies that we have identified in the Western Basin of the Bay of Bengal (Figure 2) 

and in the western Enderby Basin (Figures 7 and 8) together with the identification of the R-S line of 

opening, allow us to derive a regionally consistent account of the early tectonic evolution of the Bay of 

Bengal (Figure 10). 

We were able to reconstruct the India-Antarctica opening up to M12n time based on magnetic anomaly 

identifications. The earliest magnetic anomalies reliably identified in the Western Basin of the Bay of 

Bengal indicate ages from M12n (132 Ma) to M0 (120 Ma) (Figure 2). Magnetic anomalies spanning 

the same age are also present in the western Enderby Basin (Figure 7). Similar anomalies have been re-

ported south of Sri Lanka [Desa et al., 2006; Gaina et al., 2007, Gibbons et al., 2013]. The opening of 

these non-volcanic margins was in an approximately NW-SE direction at a half spreading rate that var-

ied between 1.8 and 4.0 cm/yr (Figures 3 and 8). This was the first stage of the opening between India 

and Antarctica and is the continuation of the spreading between Greater India and Australia since ~136 

Ma [Gibbons et al., 2012].  

The next major tectonic event took place following the arrival of the Kerguelen hotspot at about M0 

time on the Indian plate. The spreading in the eastern Enderby Basin had ceased sometime after M2 

time and the R-S line in the vicinity of the hotspot became the new axis of spreading. The Rajmahal and 

Sylhet traps (SDRs) were emplaced at the new axis of spreading, and subsequently the oceanic crust 



now underlying most of Bangladesh and the Eastern Bay of Bengal was generated. The R-S line was 

conjugate to the northern margin of the microcontinents that were transferred to the Antarctic plate. The 

spreading axis in the western Enderby Basin could possibly have remained the same. The location of 

the new spreading axis necessitated the generation of a long transform fault, which is coincident with 

the 85°E Ridge and the negative anomaly strip further north on land (Figure 11). 

While it was generally accepted that Elan Bank and parts of the Kerguelen Plateau were transferred 

from the Indian plate to the Antarctic plate, we are now able to pinpoint their original locations. The 

Elan Bank originated in the Mahanadi area in the eastern part of India and the continental parts of the 

Kerguelen Plateau originated south of the R-S line (Figure 12). 

We have glossed over the age difference between the time of cessation of spreading in the Eastern En-

derby Basin (after M2 time) and the time of eruption of the Rajmahal and Sylhet traps (~118 Ma) 

[Ghatak and Basu, 2013]. Since the time of cessation is after M2 time, it could be immediately before 

M0 time (~120Ma). We then invoke about a ~2 million year delay in eruption, and/or extended eruption 

time for the Rajmahal and Sylhet traps. 

We are thus adequately able to describe the nature and age of the crust in the Bay of Bengal and Bang-

ladesh. However, we are aware that our proposed chronology for the evolution of the Bay of Bengal 

does not answer all the questions that arise. Though the Greater India-Australia spreading is illustrated 

adequately in the present study, the Africa-Madagascar scenario could be not satisfactorily resolved 

[Davis et al., 2016]. The detailed cause for the negative gravity anomaly over the 85°E Ridge was not 

determined, although the presence of a negative anomaly over a fracture zone is not surprising. A seis-

mic refraction survey is needed to obtain the fine structure of this ridge. 

We call attention to the observation that the R-S line is a rare occurrence in that most plate openings 

appear on continental margins, not inland. Of course this opening also occurred on a continental mar-

gin, but the voluminous sedimentation converted the continental margin and the neighboring sea into 

the landmass that has become Bangladesh. 

The data from fracture zones in the Western Bay of Bengal and Western Enderby Basin supports the view that 

there was a single change in the spreading direction in the Early Cretaceous.  We submit that there is no uni-

versal agreement about the date of this shift- whether it took place at the time of the ridge jump (which 

we favor) or at a later time. In the above discussion we have examined the arguments for either possi-

bility. 
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Figure Captions: 

Figure 1: Free air gravity anomaly map of the Bay of Bengal [Sandwell et al., 2014]. Two striking fea-
tures are the gravity responses of the N-S trending buried 85°E and Ninetyeast ridges.  The buried 85°E 
Ridge has a negative gravity anomaly with a steep gradient at its eastern edge. The steep gradient is of-
ten characteristic of fracture zones. In contrast, the buried Ninetyeast Ridge has a more diffuse positive 
gravity anomaly attributed to its origin as a volcanic ridge associated with Kerguelen hotspot [Krishna 
et al., 2012]. The 85°E Ridge divides the Bay of Bengal into a Western and Eastern basins. The Eastern 
Basin has higher positive gravity anomalies than the Western Basin indicating younger crust. A thick 
blue line indicates the track of the magnetic profile SK72-13 along which Mesozoic seafloor spreading 
anomalies M12n to M0 have been identified (Figure 2). Also indicated is the seismic line MAN-03. 
There are several prominent NW-SE oriented lineations around Sri Lanka, which can be interpreted as 
fracture zones. 

Figure 2: Magnetic anomalies plotted along the ship tracks in the Western Basin, Bay of Bengal are su-
perimposed on the gravity map of Figure 1. The representative profile SK72-13 is indicated by a thicker 
line. The magnetic pattern is seen interrupted when the profiles approach the 85°E Ridge (thin dashed 
outline) or the two circular gravity lows in the Western Basin. Prominent magnetic anomalies M12n, 
M2 and M0 are indicated by thick dashed lines. The orientation of these lines indicates a roughly NW–
SE direction of opening. Drilling at the northern circular gravity low reached rocks of continental origin 
[Krishna et al., 2016]. 

Figure 3: Magnetic anomaly identification along the representative profile SK72-13 whose location is 
shown in Figure 2. A synthetic profile is included based on the geomagnetic time scale of Gee and Kent 
[2007], using  a depth of 7 km to the top of the 0.5 km thick magnetized body and 0.3 A/m for the in-
tensity of magnetization. The body is assumed to have been magnetized at 50°S latitude. Half spreading 
rates of 2.5 to 4.0 cm/yr are inferred between the identified magnetic anomalies M12n to M0. This is 
supported by the interpretation of anomalies along the profile a2093 located west of the Gunnerus 
Ridge, East Antarctica [Konig and Jokat, 2006] and profile rc1704-b in the Enderby Basin, East Antarc-
tica, conjugate to the Bay of Bengal.  The locations of the Antarctica profiles are shown in Figure 7. 

Figure 4: A prominent magnetic doublet [Rahman et al., 1990] “connecting” the contemporaneously 
erupted Rajmahal and Sylhet traps suggests that these are not separate eruptions, but define a line of 
opening at which the oceanic crust underlying the sediments in Bangladesh was generated. Support for 
this comes from the presence of Seaward Dipping Reflectors along seismic reflection profiles PK-1 and 
PK MY 8403 [Lohmann, 1995; Freilingsdorf et al., 2007], illustrated in Figure 5. A NNE oriented strip 
south of Rajmahal traps outlined by a -20 mGal gravity contour [Singh et al., 2004] lies between two 
gravity highs.  Three DSS lines [Kaila et al., 1992, 1996] cross this strip which defines the margin be-
tween the Precambrian crust to the west and the oceanic crust to the east. 

Figure 5:  Seismic reflection lines PK-1 and PK MY 8403 [Lohmann, 1995; Frielingsdorf et al., 2007] 
showing the presence of SDRs (in grey). SDRs are a unique feature of a volcanic rifted margin. Loca-
tion of these profiles is shown in Figure 4. 

Figure 6(A): Basement along the three DSS lines [Kaila et al., 1992, 1996], across the negative anoma-
ly strip (Figure 4), drops from the Chotanagpur plateau to the Bengal Basin. The exact nature of the 
drop varies. In the middle profile, the drop is at an escarpment. 



Figure 6(B): Basement structure and gravity anomaly across a DSS profile (northernmost profile in 
Figure 4) compared with that along MAN-03 profile [Gopala Rao et al., 1997] across the 85°E Ridge. 
The location of the MAN-03 profile is shown in Figure 1. In both profiles, there is a gravity low over 
the structural high, surrounded by gravity highs on either side. We believe that the strip on land with the 
gravity low is tectonically analogous to the 85°E Ridge.  

Figure 7: Magnetic anomalies are plotted along the ship tracks in the Enderby Basin, East Antarctica 
superimposed on a gravity map [Sandwell et al., 2014]. The same tracks are displayed in schematic 
fashion in Figure 8. Prominent magnetic lineations, M12n, M2, and M0 are indicated. The anomalies 
are “one sided”, that is they were created on one side of a spreading ridge in the Western Enderby Ba-
sin. They are two sided with an extinct spreading axis (also indicated) in the Eastern Enderby Basin. 
The existence of an extinct spreading axis and its location are inferred on the basis of the symmetric 
nature of the magnetic anomalies and a corresponding gravity low (Figure 9).  The Continent Ocean 
Boundary (COB) is shown as thin dashed outline [Gaina et al., 2007; Williams et al., 2011]. Fracture 
zones are shown as dashed lines [Wessel et al., 2014]. The large igneous provinces are shown as red 
outlines [Coffin and Eldholm, 1994]. Several N-S to NNE-SSW trending fracture zones terminate at the 
southwest end of the prominent NE-SW oriented Kerguelen fracture zone. Note the distance between 
the Kerguelen fracture zone and the nearest Chron 34 and M0 isochrons. This is discussed in the text. 

Figure 8: A schematic plot showing the magnetic anomaly identifications along all the profiles in the 
Enderby Basin. A synthetic profile has been generated with parameters similar to those in Figure 3 fa-
cilitating the identification of symmetric sets of magnetic anomalies M12n to M0 and half spreading 
rates of 1.8 to 3.5 cm/yr. Single set of Mesozoic magnetic anomalies M12n to M0 are observed on the 
left, while “two sided” set of anomalies M12n to M2 about an extinct spreading axis are seen on the 
right. 

Figure 9: Profile rc1704-d in the Eastern Enderby Basin is plotted with its inferred extinct axis over a 
gravity low (unrelated to bathymetry). Also plotted is the same profile reversed about the axis. Both the 
original and the reversed profile indicate similarity and symmetry about the gravity low. A synthetic 
profile has been generated with parameters similar to those in Figure 3 facilitating the identification of 
symmetric sets of magnetic anomalies M12n to M2 and half spreading rates of 2.2 to 3.5 cm/yr. 

Figure 10: Plate reconstruction models generated for various chrons using GPlates [Boyden et al., 2011] 
within the regional plate configuration [Gibbons et al., 2013]. The rotation parameters are given in Ta-
ble 1. (a) Plate reconstruction model for 160 Ma depicting the Eastern Gondwanaland landmasses. The 
tight pre-breakup fit of the different landmasses is seen. Microcontinents such as SKP, and a part of 
CKP outlined by their 2000 m isobaths fit into the Bangladesh region.  Elan Bank is juxtaposed to the 
Mahanadi region. 

(b) Plate reconstruction model at 132 Ma (M12n) depicting the initiation of seafloor spreading between 
India and Antarctica. Flowlines matching the fracture zone trend depict a NW-SE direction of seafloor 
spreading similar to that off Western Australia. Note that Greater India along with Madagascar lies be-
tween the Davie and Wallaby‐Zenith Fracture Zones as in Davis et al, [2016]. 

(c) Plate reconstruction model at 124 Ma (M2) depicting good alignment of the magnetic picks and 
fracture zones.  Note the comparable amount of oceanic crust present throughout the Africa-Antarctica 



and Greater India-Australia spreading corridors. The model indicates that the Southern Kerguelen Plat-
eau attained its present day position by this time as inferred by Gohl et al. [2008]. 

(d)  Plate reconstruction at 120 Ma (M0) depicting the extinction of the spreading ridge in the Eastern 
Enderby Basin and a northward ridge jump to the R-S line. Elan Bank and Southern Kerguelen Plateau 
separated from India and transferred to Antarctica by this time. The spreading ridge in the Western Ba-
sin of the Bay of Bengal is connected to the new opening at the R-S line via a transform fault.  

Figure 11: Sketch illustrating the plate boundary (between pink and blue colors) and the COB (dark 
green line). Before the jump, the boundary is entirely extensional, after the jump the boundary is exten-
sional in the western Enderby Basin and at the R-S line. In between it is translational, except at a small 
offset in the middle, where it is partly extensional. India’s COB is outboard, of both the Elan Bank and 
Kerguelen Plateau (KP in the sketch) before the jump; it is outboard (dashed green line) after the jump. 
The exact position of India’s COB south of the R-S line before the jump is not known, because it de-
pends on the extent of the area that was transferred from the Indian plate to the Antarctic plate. We have 
labeled the Central Kerguelen Plateau and the Southern Kerguelen Plateau jointly as KP. How much of 
these plateaus was transferred to Antarctica in the ridge jump described above, and how much in later 
ridge jumps is not known. 

Figure 12: Grid reconstruction model for 120 Ma (M0) depicting the extent of the oceanic crust gener-
ated and location of the microcontinents by that time. The arrival of the Kerguelen hotspot beneath the 
Indian plate [O’Neill et al., 2003] led to the opening of the R-S line, which included the emplacement 
of the Rajmahal and Sylhet traps. The transform fault connecting the spreading ridge on the western 
side to the newly opened R-S line lies along the 85°E Ridge and the negative gravity anomaly strip on 
land east of the Chotanagpur plateau (Figure 4). Further, the model indicates that the Central Kerguelen 
Plateau is conjugate to the R-S line and Elan Bank has separated from the Mahanadi region. Some 
amount of extension can be inferred between the Southern and Central Kerguelen Plateau. Rotation pa-
rameters (latitude: 2.13, longitude: 12.95, angle: 81.78) keeping India in the present day position. 

  



Table 1: Rotation pole parameters used to generate the plate reconstruction models (Figure 10).  
 

 

 

 

 

 

 

 

 

 

 

 

 

Moving plate Fixed 
plate 

Time 
(Ma) 

Latitude Longitude Angle 

Sri Lanka India 160 11.98 85.69 -11.58 
132 11.04 84.31 -12.40 
124 6.04 77.18 4.0 
120 5.89 77.61 0.31 

India Antarctica 160 3.49 -163.97 90.56 
132 0.15 -168.57 86.13 
124 -0.05 -164.79 84.73 
120 2.13 -167.05 81.78 

Elan Bank Antarctica 160 2.628 145.563 7.587 
132 -1.807 141.186 4.748 
124 50.676 166.592 1.618 
120 0 0 0 

Southern 
Kerguelen 
Plateau 

Antarctica 160 28.4 -47.16 -8.94 
132 -46.46 116.45 7.82 
124 0 0 0 
120 0 0 0 

Central Ker-
guelen Plat-
eau  

Antarctica 160 -47.04 4.41 -12.41 
132 -36.98 -5.102 -6.493 
124 -52.08 9.94 -3.56 
120 0 0 0 

Australia Antarctica 160 -1.79 42.83 -31.84 
132 -0.92 42.3 -31.69 
124 -0.89 42.46 -31.13 
120 -0.768 42.58 -31.19 

Zenith Plat-
eau 

Australia 160 -37.983 94.09 -7.814 
132 -38.173 94.196 -6.138 
124 -30.114 79.319 -6.414 
120 -29.247 101.356 -5.762 

Batavia & 
Gulden  
Draak Knolls 

Australia 160 -62.188 38.136 -15.965 
132 -60.847 52.836 -15.915 
124 -56.849 64.804 -15.938 
120 -52.667 75.942 -16.376 
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