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Fig. 1. The 2012 earthquake rupture zone in the Wharton Basin. The blue
beach balls represent the 2012 earthquakes, and the brown circles represent
the aftershocks. The green beach balls represent strike-slip earthquakes, the black
beach balls represent thrust earthquakes, and the red beach balls represent
normal faulting earthquakes. “1” and “2" represent two-point W-phase centroid
moment tensor (CMT) solutions (78). NER, Ninety East Ridge. The white dashed
lines indicate fracture zones F2 to F8. The red, yellow, and black lines indicate
different fault models (74-16). The black arrow indicates the subduction direction.
The green and purple arrows indicate the directions and the relative magnitudes
of the principal deviatoric compression and tension components from Gordon
and Houseman (7). The light pink area indicates the new bathymetry shown in
Fig. 2A. The red rectangle in the inset at the right-hand upper corner shows the
main study area.

research vessel (R/V) Falkor in the epicentral region of the 2012 M,,
8.2 earthquake and in the southern edge of the inferred rupture zone
of the M,, 8.6 earthquake (see Materials and Methods). The un-
interpreted bathymetry image is shown in Fig. 2A, and the interpreted
images are shown in Fig. 2 (B and C).

The two most important features on this map are as follows: (i)
approximately north-south-oriented reactivated fracture zones (F6
and F7) accommodating left-lateral strike-slip movement and (ii)
west-northwest-striking shear zones accommodating right-lateral
motion. These fracture zones were previously identified using
magnetic anomalies (28) and seismic reflection studies (22, 23). Ba-
thymetry and seismic images show recent deformations associated
with these structures. The easternmost fault of the reactivated frac-
ture zone set, F6a, has a fresh and clear bathymetric expression on
the seafloor, seems to be the most active, and strikes at N9°E (Figs.
2B and 3A) with some west-side down-dip slip component. This
left-lateral fault shows en echelon fault segments and releasing
step-overs, in particular a well-developed, rhomb-shaped, pull-
apart basin that is 4 km long, 2.5 km wide, and 95 m deep. F6b
is parallel to F6a at ~10 km further west. It consists of right-stepping,
east-dipping en echelon faults that are 1 to 5 km long. The westward
dip of F6a and the eastward dip of F6b, combined with the dominance
of F6a, suggest that F6b might be the conjugate of the master fault Féa.
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The westernmost north-south feature, fault F7b located at 25 km west
of F6b, also consists of en echelon faults striking at N6°E (Fig. 2B) with
some eastward dip component. The epicenter of 11 April 2012 M,, 8.2
earthquake lies on F7b. These three reactivated fracture zones (F6a,
F6b, and F7b) define a ~35-km-wide zone with an average strike of
N7°E (Fig. 3A), where the left-lateral motion is localized.

On both east and west sides of the region of reactivated fracture
zones, we observe many N294 +4°-trending right-lateral shear
zones (Figs. 2B and 3B) spaced at 5 to 10 km. These shear zones
are, on average, ~2.5 km wide and appear as a series of elongated
depressions bounded by sets of en echelon normal faults. The ver-
tical offset on the seafloor along these normal faults is on the scale
of 4 to 10 m, and their strike is N335 +3° (Fig. 3C). Several north-
south-oriented channels are also present west of the fracture zones.
They flow southward, across the shear zones, and their bed is
deflected by the presence of depressions within the shear zones.
It is interesting to note that the shear zones do not cross the F6-F7
fracture zone system: They are imaged on both sides, but not in the
intervening regions. We interpret the N294°-striking right-lateral
shear zones and the left-lateral N7°E-striking reactivated fracture
zones as conjugate faults along which the deformation is partitioned
in the Wharton Basin. The left-lateral strike-slip faults are expressed
by releasing step-overs or right-stepping en echelon faults, whereas the
right-lateral shear zones are expressed as a set of en echelon normal
faults defining the direction of extension in the region. Consequently,
the strike of the small N335° normal faults represents the direction
of the maximum horizontal compressional stress in the study area
(Fig. 3C).

The age of the oceanic lithosphere across these four fracture
zones is 52.6 to 54.8 My in the east and 63.1 to 64.2 My in the west
(Fig. 2B), and the crustal thickness is 3.5 to 4.5 km in the east and 6 km
in the west (22, 23), but the nature of the shear zones is similar on
both sides. The strike of spreading-related normal faulting in the
Wharton Basin is east-west, but the shear zones are oblique to these
preexisting structures, suggesting that the shear zones are new and
not reactivated spreading-related normal faults.

The sediment thickness over the normal oceanic crust, away
from the fracture zones, is ~2.2 km (Figs. 4 and 5). A 200- to
300-m-thick, poorly reflective layer is imaged just above the base-
ment, bounded at its top by what might be the pelagic/hemipelagic
sediment transition, similar to observations reported further north
(22, 25). Turbiditic sediments (~2 km) that have likely been
deposited after the collision of India with Eurasia about 40 Ma
lie above this lowermost unit. These sediments belong to the Nico-
bar Fan, similar to the Bengal Fan sediments but east of the Ninety
East Ridge, carried by the Ganges and Brahmaputra river system,
channeled between the Ninety East Ridge and Sunda Trench, and
spread over thousands of kilometers (31). If we assume a constant
sedimentation rate, then the sedimentation rate would be 50 m/My,
rather high for such a distal abyssal plain, but similar to that ob-
served further north (25).

Seismic reflection images document the activity along faults F6
and F7 (Fig. 4), whose different strands can be traced from the sea-
floor down to the basement. Basement reliefs of 0.6 to 1.7 km, gen-
erally containing a basement high (ridge) and low (depression), are
imaged in relation to these faults. Seismic reflection data confirm
that F6a is the most active fault of the reactivated fracture zone set.
In the south, fault Féa is vertical and its trace is located 2 to 3 km
east of the basement high. It crosscuts the sediments like a knife
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Fig. 2. New bathymetry. (A) Uninterpreted bathymetry. Black lines represent seismic profiles acquired. The white line shows the position of the seismic image shown
in Fig. 4, and the red lines show the position of the seismic image shown in Fig. 5. (B) Interpreted bathymetry. F6a and F7b, reactivated fracture zones. Different symbols
are defined in the right-hand upper corner. NEIC, National Earthquake Information Center; ISC, International Seismological Centre. (C) Simplified interpreted bathymetry
showing main features. The inset shows a schematic shear zone scheme.
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