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Polyphase extensional and compressional reactivation of
basins is a common feature in basin evolution. To differentiate
between the different modes of basin formation and reactivation
of passive margins and extensional basins, the development of
innovative combinations of numerical and analogue modeling
techniques is key. In this paper we present an overview of our
advancement developing and applying analogue and numerical
thermo-mechanical models to quantitatively asses the interplay of
lithosphere dynamics and basin (de)formation.

Field studies of kinematic indicators and numerical modeling of
present-day and paleo-stress fields in selected areas have yielded
new constraints on the causes and the expression of intraplate
stress fields in the lithosphere, driving basin (de)formation.
Temporal and spatial variation in the level and magnitude
of intraplate stress have a strong impact on the record of
vertical motions in sedimentary basins. Over the last few years
increasing attention has been directed to this topic advancing
our understanding of the relationship between changes in plate
motions, plate-interaction and the evolution of rifted basins.

The actual basin response to intraplate stress is strongly
affected by the rheological structure of the underlying lithosphere,
the basin geometry, fault dynamics and interplay with surface
processes.

Integrated basin studies show that rheological layering and
strength of the lithosphere plays an important role in the spatial
and temporal distribution of stress-induced vertical motions,
varying from subtle faulting to basin reactivation and large
wavelength patterns of lithospheric folding, demonstrating that
sedimentary basins are sensitive recorders to the intraplate
stress field. The long lasting memory of the lithosphere, in terms
of lithospheric scale weak zones, appears to play a far more
important role in basin formation and reactivation than hitherto
assumed. A better understanding of the 3-D linkage between
basin formation and basin reactivation is, therefore, an essential
step in research that aims at linking lithospheric forcing and upper
mantle dynamics to crustal vertical motions, and their effect on
sedimentary systems and heat flow.

Vertical motions in basins can become strongly enhanced,
through coupled processes of surface erosion/sedimentation
and lower crustal flow. Furthermore patterns of active thermal
attenuation by mantle plumes can cause a significant spatial
and modal redistribution of intraplate deformation, as a result
of changing patterns in lithospheric strength and rheological
layering.

Novel insights from numerical and analogue modeling aid
in quantitative assessment of basin history and shed new
light on tectonic interpretation, providing helpful constraints for
basin exploration, including understanding and predicting vertical
motions (eroded sedimentation record), source fill relationships,
and heat flow.
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INTRACRATONIC BASINS: ROLE OF
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High topography of cratons is commonly attributed to depleted,
low-density composition of the cratonic lithospheric mantle.
However, most of the Archean-early Proterozoic East European
Platform (EEP), and especially its southern part, is covered by
an unusually thick (ca. 3 km) cover of sediments. Furthermore,
most of the East European Craton lacks surface topography, while
the topography of its basement exceeds 20 km, the amplitude
of topography undulations at the crustal base reaches almost
30 km with an amazing amplitude of ca. 50 km in variation in
the thickness of the consolidated crust, and the amplitude of
topography variations at the lithosphere-asthenosphere boundary
exceeds 200 km. This paper examines the relative roles
of the crust, the subcrustal lithosphere, and the dynamic
support of the sublithospheric mantle in maintaining surface
topography, using regional seismic data on the structure of
the consolidated crust and the sedimentary cover, and thermal
and large-scale seismic tomography data on the structure of
the lithospheric mantle. Negative residual topography beneath
the Archean-Paleoproterozoic craton (-1-2 km) indicates either
significantly smaller density deficit in their subcrustal lithosphere
than predicted by petrologic data or the presence of a strong
downwelling in the mantle (Artemieva, Global and Planet. Change,
2007). In the former case, a possibility of a compositional
subsidence of the EEP in Paleozoic as a response to Devonian
rifting at its southern margins cannot be ruled out. Phanerozoic
rifting could cause a density increase of the depleted cratonic
lithospheric mantle due to an intrusion of Fe-rich basaltic melts
and thus can be responsible not only for subsidence due
to thermal relaxation, but also for compositional subsidence
(Artemieva, EPSL, 2003). The conclusions are strongly supported
by the results of gravity modeling (Kaban et al., EPSL, 2003):
residual mantle gravity anomalies, which represent compositional
density anomalies in continental lithospheric mantle after the
effect of thermal expansion being excluded, show significant
increase in mantle density from the Baltic Shield to the southern
parts of the EEP.
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The Barents Sea comprises a wide range of sedimentary
basin architectures that formed in response to different geological
processes. In particular there are major differences between the
western and eastern Barents Sea.

The eastern Barents Sea is underlain by a wide (300-400 km)
and deep (15-20 km) sedimentary basin that extends for more
than 1000 km in a north-south direction. The basin formed by rapid
subsidence in Late Permian-Early Triassic times. There are few
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signs of faulting associated with basin formation and it does not
look like typical rift basins.

There is a clear spatial correlation between the deep East
Barents Sea Basin and the thickness of a high-velocity body in the
upper mantle, and there is a temporal link between the main phase
of basin formation and Siberian Traps magmatism. However, the
links between the shallow and deep structure and any regional
effects of the igneous activity are not well understood.

The deep East Barents Sea Basin was filled by thick
Triassic sediments prograding westwards from uplifted source
area in the SE (Urals). Subsidence analysis assuming crustal
stretching/thinning as the main driving force for sedimentary basin
formation implies large Beta-values and a relatively hot basin
scenario. However, taking into account the dimensions of the
broad sag basin and the general lack of faulting it is not obvious
whether this is a valid assumption. Alternatively, we are studying
the role of phase transitions in the crust and upper mantle and
how they could have contributed to subsidence in a colder basin
scenario.

In the western Barents Sea we find more typical rift basins
formed in response to at least three major post-Caledonian
rift phases: Carboniferous, Late Jurassic-Early Cretaceous, and
Late Cretaceous-early Paleogene. The rifting activity migrated
westwards through successive tectonic phases. Carboniferous
rifting affected the entire western Barents Sea and gave rise to
NE-SW to N-S trending horst and graben structures following
a Caledonian basement grain. Late Jurassic-Early Cretaceous
oblique extension in the deep SW Barents Sea basins was
linked to the North Atlantic-Arctic plate tectonic evolution. A
Late Cretaceous-Early Paleogene mega-shear system along the
western Barents Sea-Svalbard margin (De Geer Zone) linked
rifting, breakup and initial opening of the Norwegian-Greenland
Sea and the Arctic Eurasia Basin.

Most Barents Sea basins have also been affected by regional
magmatism, compressional deformation and inversion and/or late
uplift and erosion. These overprinting processes may have had
important implications for the basin evolution and the petroleum
systems.

The different basin architectures and development are
compared and discussed in relation to timing, deep crustal and
upper mantle structures, and histories of vertical motion, basin
filling and temperature.
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The Taiwan orogen results from the Plio-Quaternary oblique
collision of the Paleogene Chinese irregular continental margin
with the Luzon arc belonging to the Philippine Sea plate. The
flexural response of the Chinese continental margin to orogenic
loading, including timing and origin of the lithospheric bulge and
development of the western foreland basin was investigated using
subsidence patterns derived from well data and two-dimensional

geometric and numerical flexural modelling of a purely elastic
plate.

Reconstructions of the forebulge and basin evolution since
Middle Miocene place constraints on plate strength and geological
context. Modelling suggests that the initiation of the flexure in
the West Taiwan Basin occurred at ca.12.5-8.6 Ma, a good
fit being obtained for Te of 10-20 km, consistent with earlier
studies. During 5- 6 my, the growth of the bulge was static and
associated with increasing plate curvature. Then, at 3-4 Ma the
bulge migrated forelandward within the West Taiwan Basin in
relation to the migration of the load and the increase in plate
curvature. We suggest that flexurally-controlled extension has
reactivated some of the inherited Palaeogene normal faults of
the Chinese continental margin, especially where pre-orogenic
extensional basins exist, e.g. in the Tainan Basin. The passage
of the forebulge at 12.5 Ma into an inherited weaker portion of
the Chinese margin where pre-orogenic extensional basins occur
produced an increase in plate curvature and renewed extension,
leading to enhancement of the bulge uplift and to its localization
for a prolonged period of time, i.e., without significant propagation
forelandward. Taking into account the age of the flexure initiation
and plate convergence rates, we infer that the load might not be
related to the arc-continent collision, and that the deflection of the
Chinese margin in the middle Miocene could be better explained
by obduction of part of the South China Sea, as already proposed
by some authors. It is not before 3-4 Ma that the bulge and the load
propagated forelandward in association with the development of
the Taiwan arc-continent collision.

In addition to the presence of inherited weaker parts of the
lithosphere and mechanical yielding, along-strike variations in the
development of the forebulge and the flexural deflection in the
West Taiwan Basin may also be explained by the shape and the
inherited basement topography of the continental margin and its
obliquity with respect to the plate convergence and thus to the
migration of the orogenic wedge.

These results finally provide new insights on the early stages
of the Taiwan orogeny.
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The Sinu accretionary prism (NW Columbia) results from
the oblique subduction since Late Cretaceous times of the
oceanic Caribbean plate below the south American one. The
active part of the tectonic accretionary prism developed West to
Northwestward, and constitutes the frontal part of the system,
west of the San Jacinto Fold-and-Thrust Belt. The trench and the
prism were progressively filled through time by erosion products
conveyed either by Proto-Magdalena River (since Paleogene
times), or by Sinu and Atrato Rivers (from the south), and the NE
migrating Magdalena River-Delta during Cenozoic times.

The overall prism was analyzed and its evolution is presented
in three major steps, based on fault activity pattern and the
relationships with paleostress and sedimentary loading through
time.
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The main characteristic on the present-day morphology of the
prism is a major indentation of the front illustrated by an important
deformation style from North to South. This along-strike structural
variation is expressed by : (1) a narrow prism in the southern part
(close to Panama prism), showing back-thrusting processes at
the front, (2) a large development of the prism in the central part
with a frontal propagation of the thrusting, coeval with coupled
argilokinetic and normal faulting processes (3) a narrow northern
part, where the deformation is concentrated on the rejuvenation
of inner thrusts, and where no deformation is observed in the area
of the paleo-front.

During Upper Miocene to Pliocene time, in the central part of the
prism, a huge input of sediment conveyed by the proto Magdalena
River (coming from the southeast) where deposited behind and
above the front. The rapid and concentrated loading observed
in the central part of the prism generated the local “freezing” of
the compressive units and the development of overpressure cells
at depth. Mud diapirs and volcanoes have been described along
seismic lines close to the shelf edge, and outlined these processes
where combined regional shortening and high sedimentary rate
induced overpressure regime at depth.

During Oligo-Miocene times, the prism developed over an
irregular basement resulting from the thickening of the basal
sequence (Cretaceous to E. Paleogene). At that time the structure
of the prism is more or less cylindrical.

Analogue experiments, through X-ray tomography, have been
conducted in order to identify the first order parameters, allowing
to explain the observed structural evolution of the prism. Its 3D
evolution have been registered through time, and we illustrate the
dominant impact of; not only of the sedimentary loading (quantified
ratio of Fragile/Ductile material deposited on the deformed units),
but also the location of sediment deposition. This two first order
“intra-prism” parameters interact with two “external” parameters;
the shortening/dip-slip stress amount and orientation, and the
basement configuration before the initiation of the compression. A
tentative comparison with the Makran prism, developing in close
tectonic conditions, will be done.
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“SOFT” OROGENIC COLLISION: WHAT DOES
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The mechanisms controlling orogenic shortening and collision
govern the evolution of coeval sedimentary infill and subsequent
exhumation of foreland and back-arc basins. A first order
observation of shortening is dating deformations along frontal
sole thrusts. Hence continental collision represents the moment
when out-of-sequence deformation is widespread, like lateral
extrusion or back-ward vergent thrusting. The latter indicated that
orogenic steady states are largely made up by exhumation in the
orogenic core, which is recorded in natural examples by hinterland
exhumation associated with backthrusts (i.e. retro-shears) such
as the Insubric line in the Alps. The low topography Carpathians
orogen is a typical case where retro-shears, although speculated,
have never been confirmed by upper crustal studies and one

can wonder if these are collision pre-requisites. Due to reduced
exhumation, these types of orogens still preserve post-tectonic
covers, allowing biostratigraphy dating of nappe stacking events
and discrimination of post-orogenic deformation. Sequence
stratigraphy in the hinterland, kinematics of the thin-skinned
foreland and thermochronological exhumation of the orogenic
core are combined to derive the mechanics of this orogen with low
topographic build-up.

The Carpathians example demonstrates that the lower plate is
not always a “conveyer belt”, i.e. transferring and incorporating
material into the upper plate. Orogens dominated by convergence
exhume the material entering the collision zone along retro-shears
with values reaching few tens of kilometers. The model is valid
in Carpathians-type of orogens dominated by subduction in those
moments of gradual nappe accretion, until thicker continental
parts of the lower plate arrive at the subduction zone. Subsequent
deformation may couple the entire lower plate along higher
angle reverse faults. These are retro-shears because particles
are moving hinterland-wards, but structurally are foreland-vergent
thrusts. Upper plate retro-shears as backthrusts are therefore
not a pre-requisite of collision. Particle tracking in the upper part
of the system will respect the general rules of exhumation in
both scenarios. However, while retro-shear collision will generally
nest zones of reset ages against the retro-deformation front, the
foreland-coupling collision will distribute these ages across the
orogen due to the gradual shift of the lower plate accretion. The
latter is a deeper-seated mechanism and therefore its activation
moments can be detected by shifted exhumation ages and larger
wavelengths near the surface.


