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Model of the opening of the Northeast Atlantic proposed by H. C. Larsen (1988) showing development of two seafloor spreading centers.

LLaattee PPaalleeoocceennee

Sea floor spreading in the Northeast Atlantic was preceded in the Paleocene by large scale volcanic eruptions. The volcanism was
concluded within 2 to 3 million years (White, 1988). These eruptions occurred at the onset of rifting from south of Greenland to the Barents
Sea. Sea floor spreading commenced at Anomaly 25/24 (Late Paleocene). South of Iceland it occurred along the Reykjanes Ridge. North of
Iceland, seafloor spreading was marked by ridge jumps to the east. The effects of the ridge jumps can be seen in compressive structures
located off mid-Norway.

Early seismic surveys conducted over the mid-Norway margin demonstrated the presence of inversion features (Boen et al 1984). Dore and other
investigators, have published detailed studies of these features (Dore et al 1999). They describe several large compressional domes, many
apparently located above fracture zones extending from transform faults. These faults are inferred to move in right lateral manner, coeval changes
in the geometry of the mid-ocean ridges.

A. EQUATORIAL ATLANTIC TRANSFORM MARGINS
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Line A crosses the extension of the Charcot Transform Fault on the Brazilian margin. A positive flower structure is interpreted to
occur just southeast of the COB, effecting sediments as young as Early Miocene (Gomes et al. 1999). The Miocene deformation
may be coeval with subtle changes in sea-floor spreading within the Equatorial Atlantic ridge system.

Thin, relatively flat-lying sediments of Cenozoic age overlie deformed
Upper Cretaceous and older sediments beneath the C’ote D’Ivoire
shelf. South-flowing rivers draining the West African margin
deposited thick sedimentary units into the opening Atlantic rift
basins. Wrench movements on transform faults during the late
Cretaceous and Miocene deform the rift and post-rift interval.

(Modified from St. John (2000) Fig. 8 Courtesy Vanco Energy Company)
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ABSTRACT

A variety of post-rift deformations occur across basins on the passive margins of the Atlantic and Indian Oceans. These deformations are most
pronounced in deep water settings, but are also observed in shallow water and onshore. The resulting structures range in scale from local uplift
and inversion to regional exhumation.

Small scale compression is observed on the margins of the North Atlantic Ocean, and on the Australian Northwest Shelf of the Indian Ocean.
The effects include small scale doming and minor inversion of normal faults. These features occur near fracture zones and transform faults. The
reorganization of sea floor spreading appears to be coeval with the development of these compressional features. Although ocean plates appear
to behave as first-order, large-scale rigid plates, these observations suggest that fracture zones and transform faults subdivide ocean plates. The
smaller plates deform in response appropriate ridge-push stresses.

In the Equatorial Atlantic long transform faults offset the ocean crust, and appear to be intermittently active into the Holocene. Strike-slip defor-
mation is inferred from positive and negative flower structures found on both the African and South American margins. Movement on the trans-
form faults appears to result from minor changes in sea-floor spreading along the mid-ocean ridge.

On a larger scale, Neogene regional doming is observed in Scandinavia and North America. These features do not appear related to changes in
sea floor spreading. A wedge of sediments shed from these domes is found in the adjoining ocean basins. The base of these sediments appears
to precede the onset of glaciation. Mantle flow is inferred to be downward beneath the older portions of the ocean basins, and/or upward beneath
adjoining continental domes.

These observations suggest that mantle upwelling processes continue to effect passive margins long after continental rifting and the onset of
sea-floor spreading. It is well known that the rate of upwelling varies after rifting, as seen in ocean floor ages. The lateral flow of mantle away
from the mid-ocean ridges is inferred to also vary, resulting in deformation seen on both oceanic and continental crust.

A. NORTH ATLANTIC MARGIN

B NORTHWEST AUSTRALIAN MARGIN

Figure 1 Interpreted section AGSO101-09 Dampier sub-basin
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(Modified from Figure 12, Karner and Driscoll 1999)

1. SIMPLE MODEL OF RIFT MARGIN DEVELOPMENT

2. SIMPLE MODEL OF TRANSFORM MARGIN DEVELOPMENT
1. Transform margins form by
initial wrenching of continental
lithosphere, creating grabens
bounded by strike-slip and
normal faults.

2. Sea-floor spreading places
a mid-ocean ridge against
continental lithosphere. Thermal
uplift of continental margin
effects sedimentation.

3. Continued sea-floor spreading moves the mid-ocean ridge away from the continental
block. Thermal subsidence of both the ocean crust and the adjoining continental block
may be accompanied by minor faulting, and will effect sedimentation patterns. Movement
on the transform fault at the continent-ocean boundary is assumed to occur only between
active mid-ocean ridges.

The South Atlantic opened between Africa and South America
during the Late Jurassic (132 MA). The pole of rotation changed
during the Late Aptian (102 MA) and during the Santonian(80 MA).
The mid-ocean ridge north of the Walvis Ridge is thought to jump
200 km to the east at 80 Ma. A major phase of inversion is
recognized at this time in West Africa (Fairhead and Binks 1991).
Subsequent ocean spreading included a minor reorganization of the
Equatorial Atlantic during the Miocene (Bonatti et al 1994).

Wrench related structures can be recognized on both margins of the
Equatorial Atlantic. The features appear to be closely associated
with the long transform faults , and to be coeval with changes in sea
floor spreading.
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1. Passive margins form by extension of continental lithosphere. 2. Post-rift sediments fill the resulting basin, often
with little post-rift faulting.

3. If sea-floor spreading occurs, then thermal uplift followed by thermal
subsidence may effect the passive margin. No faulting is expected to
occur in the passive margin as the plate grows at the mid-ocean ridge.

C. WEST AFRICAN MARGIN

B. SOUTH AMERICAN MARGIN

The paleo-Volta River also
sourced sediments into the
opening Atlantic rift basins
during the Early Creaceous
and ?Jurassic. Two epi-
sodes of post-rift deforma-
tion are inferred. The south
end of the section shows
upper Cretaceous sediments
on lapping the top Albian
reflector. The north end of
the section shows late Mio-
cene sediments on lapping
an older ?Miocene reflector.

Both inversion structures
are inferred to result from
movement along the
Romanche Fracture Zone
during changes in Equatorial
Atlantic sea floor spreading.

The passive margin rifts on the flanks of the Atlantic and Indian Oceans developed prior to the opening of the ocean basins. The rifts show the
effects of initial continental lithospheric rifting, post-rift thermal subsidence, and post-rift sedimentation sourced from uplifted margins. Industry
seismic and well data show compressional features on several margins. The compressional deformation appears to be vary as a function of
distance from the mid-ocean ridges at the time of deformation, and thus are most intense in present deep water settings. The compressional
deformations appear to be coeval with changes in sea-floor spreading geometry, especially where new mid-ocean ridges develop and older
ridges cease spreading. Mantle flow must vary over time to produce these effects.

Fracture zones extending landward from transform faults appear to localize the compressional deformation of the rifted basins. Fracture zones
also appear responsible for strike-slip deformation interpreted on transform margins. Minor changes in mid-ocean ridge geometry appear to be
coeval with small scale flower structures interpreted on seismic data acquired on transform margins. Fracture zones appear play a major role
in these styles of deformation, suggesting the fracture zones subdivide the ocean plates into small units.

Neogene doming on the Atlantic margin does not appear immediately related to rifting or sea-floor spreading. Mantle circulation patterns may
provide a unified explanation for these features, with doming associated with small scale upwelling and the offshore depocenters associated
with small scale downwellings. A suitable data base to constrain such models remains to be assembled.
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3. LATE POST-RIFT MARGIN UPLIFT

4. DISCUSSION

The Exmouth, Barrow, and Dampier sub-basins began to open in Late Triassic-Jurassic time (Karner and Driscoll 1999). Regional subsidence of the
Exmouth Plateau occurred in the Tithonian-Valengian. During the Turonian, sea floor spreading again reorganized in the Indian Ocean concurrent with
major inversions on the Exmouth Plateau and in the sub-basins. Inversion was most intense over accomadation zones at the terminations of the sub-
basins. These zones align with transform faults
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Post-rift thermal uplift of rifted margins is commonly recognized, and the uplifted hinterlands typically serve as a provenance for post-rift
sediments. The Norwegian margin shows this pattern, as do other Atlantic passive margins. Onshore several peneplains have been inferred. The
Sub-Cambrian peneplain is known in Fennoscandia (Lidmar-Berston and Naslund 2002). Vendian, Cambrian, and Ordovician sediments are found
above this surface, and the basal Caledonian thrust is inferred to ride upon it locally. It is deformed into several long wavelength regional domes.
The Paleac Surface formed during the Mesozoic and subsequently arched during the Paleogene. This episode is inferred here to represent
post-rift thermal uplift of the North Atlantic rift margin.

The Norwegian offshore margin is underlain by a thick succession of Neogene sediments, whose lowest interval predate glaciation onshore.
These sediments are deposited unconformably upon Paleogene sediments. The unconformity is correlated with the Paleac Surface (Riis 1996).
Doming of the Paleac Surface with stream incision are inferred to source the offshore sediment package. Similar features have been identified
on the western margin of the Atlantic in Greenland and North America (Stroeven et al 2002, Vogt 1991).
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