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Tectonic structure and origin of the 85°E ridge, Northeastern Indian Ocean: A review and new observations
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Abstract: The 85°E ridge in the Northeast Indian Ocean is a prominent linear basement uplift, formed by the tectonic and magmatic activities
during the Mesozoic northward drift of the Indian plate. This ridge is a key unit for understanding the East Indian Ocean spreading and the
northward drifting of the Indian Plate. However, its structural characteristics and formation and evolution process are controversial. In this paper,
gravity and magnetic anomalies around the 85°E ridge are mapped and analyzed. We discussed the nature and origin of the ridge upon
integration of previous works on morphology and deep structure of the crust under the ridge and the reconstruction models of the East Indian
Ocean plate. The results show that the 85°E ridge is generated by the integrated multiple processes including hot spot activity, spreading,
transform fault, transition of spreading center and long-distance effect of plate convergence. Different segments are dominated by different
structures, natures and genetic mechanisms. The segment north of 12°N was formed by intraplate hot spot magmatism. Between 2°N and 12°N
the ridge is highly consistent with the boundary of NW-SE and N-S seafloor spreading, resulted from the Cretaceous plate reorganization. The
Afanasy-Nikitin seamount to the south of 2°N is a near-axis hot spot trail emplaced along with the seafloor spreading, and may not be
genetically related to the ridge to the north of 2°N. We suggest, therefore, that the middle part of the ridge between 2°N and 12°N is a critical
area for further confirmation of the nature and origin of the ridge. Geophysical surveys are required and scientific drilling will help solve major
geological problems, such as the nature and origin of the 85°E ridge, the reorganization of the Indian Ocean Plate in Cretaceous, and the
interaction mechanism between hot spot and mid-ocean ridge.

Key words: 85°E ridge; Northeastern Indian Ocean; gravity and magnetic anomalies; structural segmentation; hot spot; plate reorganization
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Fig.1 Bathymetry of Indian Ocean and major topographic/tectonic features
(Names of the features after references [34-35], bathymetric data from https://www.gebco.net/)

The red stars are hotspots. The black lines are isochrones of the seafloor( Unit: Ma). The red lines are spreading centers. The black dashed rectangle outlines the
area of Fig. 2. Abbreviations of topographic/ tectonic features are: AAB. Australian-Antarctic Basin, ArB. Arabian Basin, AgB. Agulhas basin, ANS.Afanasy-
Nikitin Seamount, AP. Agulhas Plateau, BF. Bengal Fan, BR. Broken Ridge, CB. Crozet Basin, CHS. Crozet Hotspot, CIB. Central Indian Basin, CIR.
Central Indian Ridge, CoHS. Conrad Hotspot, CoR. Conrad Ridge, CP. Crozet Plateau, CR. Carlsberg Ridge, EB. Elan Bank, EnB. Enderby Basin,

GB. Gascoyne Basin, KHS. Kerguelen Hotspot, LCR. Laccadive-Chagos Ridge, MaP. Madagascar Plateau, MdB. Madagascar Basin, MoP.
Mozambique Plateau, MsB. Mascarene Basin, NB. Natal Basin, NER. Ninety East Ridge, NKP. North Kerguelen Plateau, PB. Perth Basin,

RHS. Reunion Hotspot, RTJ. Rodrigues Triple Junction, SAB. South Australian Basin, SB. Somalian Basin, SKP. South Kerguelen
Plateau, SMP. Seychelles-Mascarene Plateau, SEIR. Southeast Indian Ridge, SWIR. Southwest Indian Ridge, WB. Wharton Basin.
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Fig.2 Tectonic map of the Bay of Bengal and adjacent regions (modified from references [2, 34],

bathymetric data from https://www.gebco.net/)
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Fig.3 Free-air gravity anomaly map of the Bay of Bengal and some interpretations ( gravity data from http:/bgi.omp.obs-mip.fr/data)

S1 to S5 indicate the segments of the ridge. The red dashed lines are the transform faults. The black dotted line delineates the 85°E Ridge.
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Fig.4 Bouguer gravity anomaly map of the Bay of Bengal and some interpretations ( gravity data from http://bgi.omp.obs-mip.fr/data)

S1 to S5 indicate the segments of the ridge. The red dashed lines are the transform faults. The black dotted line delineates the 85°E Ridge.
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Fig.5 3-D crustal thickness (from acoustic basement to the Moho) of the 85°EF ridge (a) and crustal structure profiles (b)

(a) The underlying map of the 3-D crustal thickness is the shaded free-air gravity map. The red solid lines show the locations of the profiles. The black dotted

line delineates the 85°E Ridge. The 3-D crustal thickness is after reference [30].(b) The black dashed line indicates the axis of the ridge.

Profiles are from: S2 from reference [37], 15.3°N, 11.4°N, 10°N, 9°N, 8°N from reference [8], MAN-01 from reference [22],

MAN-03 from reference [36], 1 from reference [30], S22-1I-A, AS 10-02, RL-3 from reference [38].
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Fig.6 Magnetic anomaly map of the Bay of Bengal and some interpretations ( Magnetic lineation after references [24, 41-44].

The geomagnetic polarity scale is from reference [34])
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Fig.7 Comparison of SK72-13 and SK82-02 magnetic profiles with the synthetic models

(SK72-13 after reference [24], SK82-02 after reference [43])

Locations of the profiles are shown in Fig. 6. Note that the boundary of the high (yellow) and low (blue) anomalies on profile SK72-13 is not 0 nT.
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Fig.8 Seismic reflection profiles showing the basement morphology and internal structures of the 85°E Ridge

a. profile locations overlying on the free-air gravity anomaly map; b and c. seismic reflection profiles and some interpretations( after reference [49]) ;

d and e. internal structure of the volcanic edifice (after reference [9]).
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Fig.10 Plate reconstruction models for Eastern Indian Ocean during Cretaceous (after reference [44])

Fracture zones are shown as thin black dashed lines. The active spreading ridge is shown as a thick blue line. Thick black dashed lines denote the extinct

spreading ridges. The gravity low of the subsurface 85°E Ridge is shown in gray shade. Color shades as per legend denotes the ages of the underlying oceanic

crust. The dashed red lines denote synthetic flow lines that border the inferred spreading corridors/zones and are drawn to understand the evolution of the

Early to Middle Cretaceous crust. Large Igneous Provinces and inferred continental slivers are outlined in pink. Red circle denotes the probable location

of the Kerguelen hotspot. The numbers represent conjugate spreading corridors. Green dashed lines mark the remnants of the transform fault along

which the northward ridge jump took place at around M2 time. B. Batavia knoll, BR. Broken Ridge, CKP. Central Kerguelen Plateau, CR.

Conrad Rise, EB. Elan Bank, K-86° FZ. Kerguelen-86°E Fracture Zone, R. Rajmahal Traps, S. Sylhet Traps, SKP. Southern Kerguelen

Plateau, SL. SriLanka, WZFZ. Wallaby-Zenith Fracture Zone, Z. Zenith Plateau.
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