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Abstract
The many structural cross-sections constructed since 1960, with the aim of modeling and understanding the mechanisms involved in the subAndean deformation and the resulting structural styles, have increased the of knowledge regarding the variables involved, shortening values,
and the associated rates and timing for the different structures.
The cross-sections constructed across the southern sub-Andean of Bolivia and northern Argentina system show a thin-skinned deformation
with different structural styles, which can be grouped into four geometries: fault bend/propagation, passive roof duplex, active roof duplex, and
composite roof duplex.
In this workshop, the structural framework presented describes a lithological column involved in the deformation, divided into four rheological
levels modeled by trishear (RLs 1 and 3) or parallel folding with parallel shear (RLs 2 and 4). In particular, trishear modeling allows the
Devonian reservoir rocks (the Huamampampa Formation, RL 2) to reach a high structural position as it has been demonstrated by well data
(e.g., Caigua x-1002D) without the necessity of stacking duplex structures.
The deformation mechanisms presented here are consistent with a general west to east in-sequence timing for the formation of the structures in
the sub-Andean fold-and-thrust belt. The slip transfer mainly occurs through the basal detachment level, while the slip transfer using the upper
detachment level would represent a minor component allowing the structure to balance itself. Under these premises, the structure width can
work as an exploration proxy to understand the structural position of rocks of the Huamampampa Formation reservoir. This idea, although it
does not modify the established exploration paradigms, does open an interesting and different perspective for analysis when a map view
widening is observed within a particular structure. If this broad structure situation (generated by the interference with oblique deep structures)

were combined with those zones with greater shortening values (in general, the central areas), the result would be a structurally higher
Huamampampa Formation.
The current state of knowledge about the sub-Andean system in general, and its southern part in Bolivia and northwestern Argentina in
particular, requires solid surface and subsurface data through the acquisition of timelines based on absolute dating techniques, palynology data,
and paleomagnetic determinations, with the aim of defining the stratigraphic age of the sedimentary infilling involving source, seal, and
reservoir rocks. On the other hand, it is indispensable to precisely define the timing of structural growth of the structures (trap generation) to be
drilled through thermochronological analysis (fission-track and (U-Th-Sm)/He in apatites and zircons) based on the definition of timetemperature paths applicable to petroleum system modeling.
These definitions are especially important for dating the slip entering a particular structure, for estimating the magnitude of structural uplift in
relation to a passive roof wedge through the upper detachment level, for quantifying the slip value transferred to an adjacent structure to the
east, and lastly, for determining the simultaneous growth of adjoining anticline structures.
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ABSTRACT

1

HISTORY AND FOUR GEOMETRIES
The many structural cross-sections constructed since 1960, with the
aim of modeling and understanding the mechanisms involved in the
sub-Andean deformation and the resulting structural styles, have
allowed the increase of knowledge regarding the variables involved,
shortening values, and the associated rates and timing for the
different structures. The cross-sections constructed across the
southern sub-Andean of Bolivia and northern Argentina system
show a thin-skinned deformation with different structural styles,
which can be grouped into four geometries:
fault bend/propagation, passive roof duplex, active roof duplex, and
composite roof duplex.

4

SPACING BETWEEN STRUCTURES AND HOW THIS RELATES TO CONNECTIVITY BETWEEN
DETACHMENT LEVELS

The deformation mechanisms presented here are consistent with a general west to east in-sequence
timing for the formation of the structures in the sub-Andean fold-and-thrust belt. The slip transfer
mainly occurs through the basal detachment level, while the slip transfer using the upper detachment
level would represent a minor component allowing the structure to balance itself. Under these
premises, the structure width can work as an exploration proxy to understand the structural position
of rocks of the Huamampampa Formation reservoir. This idea, although it does not modify the
established exploration paradigms, does open an interesting and different perspective for analysis
when a map view widening is observed within a particular structure.

2 INFILLING STAGES FOR THE SEDIMENTARY CYCLES

The current state of knowledge about the sub-Andean system in general, and its southern part in Bolivia and northwestern
Argentina in particular, requires solid surface and subsurface data through the acquisition of timelines based on absolute
dating techniques, palynology data, and paleomagnetic determinations, with the aim of defining the stratigraphic age of the
sedimentary infilling involving source, seal and reservoir rocks.

5 INFLUENCE OF OBLIQUE AND DEEP STRUCTURES

If this broad structure situation (generated by the interference with oblique deep structures) were
combined with those zones with greater shortening values (in general, the central areas), the
result would be a structurally higher Huamampampa Formation.

3 FOUR RHEOLOGICAL OR STRUCTURAL LEVELS
In this workshop, the structural framework presented describes a lithological column involved in the deformation, divided
into four rheological levels modeled by trishear (RLs 1 and 3) or parallel folding with parallel shear (RLs 2 and 4). In particular,
trishear modeling allows the Devonian reservoir rocks (the Huamampampa Formation, RL 2) to reach a high structural position
as it has been demonstrated by well data (e.g., Caigua x-1002D) without the necessity of stacking duplex structures.

6

MAIN TASKS
It is indispensable to precisely define the timing of structural growth of the structures (trap generation) to be drilled through thermochronological analysis (fission-track and (U-Th-Sm)/He in apatites
and zircons) based on the definition of time-temperature paths applicable to petroleum system
modeling. These definitions are especially important for dating the slip entering a particular structure,
for estimating the magnitude of structural uplift in relation to a passive roof wedge through the
upper detachment level, for quantifying the slip value transferred to an adjacent structure to the east,
and lastly, for determining the simultaneous growth of adjoining anticline structures.
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7 ADVANTAGES AND DISADVANTAGES IN RELATION TO THE TRISHEAR PROPAGATION MECHANISM
The trishear fault propagation mechanism is exceedingly versatile in real structure modeling. It allows for changing the fault dip as it propagates, as well as
for varying the opening angle of the shear triangle and the propagation/slip ratio of the fault (P/S). Combining these parameters, the trishear mechanism
allows for the shortening entered, as necessary for generating a particular fold, not to be transferred to a structure ahead of it such as in the fault bend
fold case. The exceptions to this case are represented by an out-of-sequence fault transporting a previously formed fold or by a significant increase of the
P/S ratio. Another advantage of the trishear algorithm is the possibility of representing folds with curved geometries and inclined forelimbs in relation to a
certain fault slip and P/S ratio. It implies a progressive rotation of the structure limbs, a fact that is verified by the structural plunges of several folds in the
Subandean system (e.g. Iñau-Iguembe structural trend).
Trishear modeling involves an inhomogeneous deformation within the triangular zone. It would imply that the lines are not preserved in parallel, so the
thickness or strata line length are therefore not preserved either. Modeling through trishear is usually underconstrained due to the many unknowns (fault
dip, beginning and final fault tip location, trishear angle, symmetry, etc.) and not, therefore uniquely predictive. This modeling is based on area conservation
during deformation. One of the problems of this kinematic modeling is the strong thinning of steeply dipping or overturned anticline forelimbs and the
thickening of syncline hinges.
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CONCLUSIONS AND DISCUSSIONS

The deformation modeling accepted in this study and supported by Hernández et al., 2002, describes
a west to east in-sequence migration of the deformation processes, depending on:
- The rheological properties of the crust at the beginning of the compressive phase.
- The rheological behavior of the material involved in the propagation front of faults.
- The thickness of the lithostatic wedge being transported (“critic wedge principle”).
- The efficiency of the detachment levels in relation to the source rocks within RL 3 (the Los Monos
Formation), RL2 (the Icla Formation) and RL1 (the Kirusillas Formation), depending on the associated
pore pressure.
- Anisotropies and irregular features of the basal detachment surface due to pre-Andean tectonic
processes.
- Internal unconformities within the Upper Paleozoic which may remove part of the layers in RL 3
(the Los Monos Formation).
- The loss of incompetent facies to the west of the Southern Subandean system due to the trend of
facies migration for each Devonian cycle. The Silurian paleogeography in the Subandean area is still
not known in detail, as there are no outcrops and it was almost untouched by the existing wells.
- The erosion rate of the uplifted zones with regards to the accommodation rate where the active fold
and thrust belt ends.
Other variables in the sub-Andean fold and thrust belt dynamics that should be considered and require
further analysis are tectonic subsidence, sediment supply, drainage network changes and its
relationship with lithostatic changes and gas generation, megafan construction and evolution
through time, among others.
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Pre-Andean time, more than 9 My

Cooling to less than 70°C is by
erosion and uplift

Start of the Andean uplifting less than 9 My

8 My and 6 My
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Because of the sedimentation rate greater than
uplifting, the rock passes back to a temperature
greater than 70°C
To identify this burial it is necessary to perform
He in apatites because it is sensitive to 70°C
with only 1 My
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