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 COMPOSITE OVERVIEW OF THE DIAPIR ZONES

From the map in Figure 3-1 note that:

 Zones I, II and III are aligned with the WTS. Zones I and III accommodate the flanks of the
thrust and Zone II the frontal part of it.

 Zone IV is aligned with the ETS.

 The thickest shale unit is located in the east of  Zone III, and the maximum depth to basement
is reached between Zone II and III.

MAP OF DIAPIRS AND ASSOCIATED STRUCTURES IN THE EVB
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 MUD DIAPIR EVOLUTION

Pre-Growth stage. Shale was deposited in an eastern open restricted foredeep in Early-Middle Miocene times.

Initial Instability in the shale occurred during Late Miocene forming small anticlines that controlled the sedimentation
around them (Fig 3-2B) at this stage the uplift rate was major than the sedimentation rate.

  Syn-Growth episode. Diapirs had its main  evolution at Plio-Pleistocene. The high  sedimentation rate and
increment in the tectonic load enable the raising of overpressured conditions in the shale (Fig. 3-2C).

  Collapse and Migration of diapirism. Displacement to the east of the thrust system produced the migration
in the same direction of the overpressuring conditions. Diapirs collapsed after the source depletion and new
volcanoes were formed in the direction of the tectonic transport (Fig. 3-2D).

 There is a variation in the size of diapirs from east to west. Where the shale
thickness is thin evidences of diapirism are few (east). Where shale thickness
is greater overpressuring conditions are reached and diapiric intrusions are more relevant (west).

 The boundaries of the foredeep movable shales mark the limit of the diapirs appearance.
Diaprism is produced where overpressure shale exist, in other cases shale becomes
detachment zones for thrusting.

 The collapse in the north of Zone II is aligned with the frontal part of WTS, and the
San Juan graben with the lateral ramp of ETS.

DISCUSSION

TRIGGERING OF DIAPIRISM

The four zones of diapirism identified are related to the main thrust sheets of the area. Overpressured shales
and diapirs are produced in the tip of the thrust sheets where high pore fluids pressures are favored by
the high horizontal compression. Diapirs are the shallow expression of underlying tectonic structures and
can be used as an indicator of thrust sheets. The initial overpressured zone  must have been localized in
the northeast of the foredeep at the maximum depth to the basin. The effect of the thrust system was the
southeastward displacement of the shale unit and the piling of the shale in the limit of Zone III.

SHALE

The area has a strong lateral variation in shale composition. Diapir formation in the middle of the foredeep
is a consequence of this. In the west were movable shale was scarce there are few evidences of
real diapirism, and shale mobilization was as backthrusting in response of underlying thrusting.
in the east where the movable shale is wider, the diapiric  structure is  double. Movable shale seem
to have had more than one episode of mobility  controlled by the progression of the deformation and
thrusting eastward.

GROWTH FOLDS

The model of folding that best suites the folds associated with diapirs in the EVB, based on the
studies on growth folds published by Poblet et al. (1997), is a progressive rotation and limb length
variation, due to the absence of growth triangles. These folding may be modeled using trishear
with a nonrigid limb rotation.

DIAPIR EVOLUTION

Diapirs have evolved from west to east. In Zone I and II there are evidences of early diapiric
intrusions that were abandoned after the thrust system move eastward. Collapses in shale deposits
and remobilization was mainly driven by the thrust system evolution. The initial age for the
movement of shale in the area was Late Miocene, and had a continuous development until  end
Pl iocene-Early  Pleistocene were condit ions in the sedimentat ion-upl i f t  rate changed.

HC POTENTIAL

Mud diapirs can be seals for HC. The formation of calderas can favor the formation of
reservoirs in Early Miocene sands (Fig 3-3). The zone with more prospectivity for this kind of accumulation
is Zone IV. Another possibility of structural reservoirs is the presence of Toe Thrusts in the pregrowth
sequences. The impact of  argillokinesis on HC migration path and Gas is a matter to be solved by future
studies. The analysis of diapirs morphology  adding more 3D seismic surveys can improve the understanding
of diapirism and can help to identify new HC potentials.

Figure 3-1. Composite map showing the seismic image extrapolated from 2D seismic data, surface geology and
regional faults. The map was preapared using the base of  Pliocene. Note the shape of  diapirs in Zone I, slightly curved
in the extreme west and the mirror image on Zone III slightly curved northeastward. The map shows
the coincidence of thrusting and diapirism. Note also the appearance of normal faulting in the north of
Zone II and IV.

Figure 3-2. Four episodes of diapirism in EVB. A) Pre-Growth stage, normal
faulting B) Initial instability with sedimentation controlled by diapirs rise, C) Syn-Growth
with the formation of Mud volcanoes and calderas. D) Collapse of calderas, followed
by the displacement of thrusting eastward.

Figure 3-3. Illustration of possible
HC traps associated with the mud wall.

A) MIOCENE

B) LATE MIOCENE

C) PLIO-PLEISTOCENE

D) PLEISTOCENE

 FAULT GEOMETRIES 

Four main tectonic features in the diapirs have been identified:

 High angle planar normal faults developed over the anticlines parallel to the direction
of the belt (E-W). These faults have been used by overpressured  shales to reach
surface and form mud volcanoes.

 Pre-growth-sequence thrusting with south vergence developed between mud walls
in Zone IV.

 Listric faulting over shale beds; these faults are found in the south of the diapir belt
and embedded in it.

 Normal faulting developed over collapsed diapir-anticlines in a circular or elongated
pattern (north of Zone II and IV)
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