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Abstract
Los Monos Anticline is a N-S trending, tightly folded anticline outcropping along the Aguaragüe range in the Subandean belt of southern
Bolivia. The complexity of the structure and the poor quality of the seismic profiles in the area make the interpretation of the folded structures
in the core of the anticline a difficult task. Consequently, it is necessary to aid the process of seismic interpretation through the use of kinematic
modelling, structural techniques, and all available analogs in the Subandean region of Bolivia. Our work presents the process of developing a
conceptual structural model applied to the main structure in the study area, Los Monos Anticline, considering key observations from surface,
subsurface data, and kinematic modelling. Different structural styles have been tested; a combination of fault-bend and fault-propagation fold
models seem to best characterize the structural style and evolution of the anticline. Structural restoration was also used to check and validate
the interpretation of key seismic lines within the area of interest. Three balanced cross-sections have been constructed: the shortening estimates
and structural evolution derived from the sequential restoration allows us to understand the structural controls on the formation and evolution of
Los Monos Anticline. Pervasive internal shear and folding within the Intermediate décollement (Los Monos Formation) controls the
accommodation of shortening in the structure. The Main Basal Silurian Detachment controls the Lower Devonian units’ deformation
generating an Overlapping Ramp Anticline geometry that characterized the core of the anticline. The evidence of four-way dipping closures of
the structure generates an exploration interest to investigate these deeper formations as potential gas reservoirs in the region.
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Interpretation of Seismic Sections

Introduction and Regional Setting
• The Serranía Aguaragüe Centro is located in the Subandean
Zone of Bolivia, within the Department of Tarija, and is part of
the Eastern foreland Basin of the Andean Cordillera.

A: Post-Stack Depth
Migration seismic line,
(Section 02).

• The complex geology and different structural styles identified
in the area, limit the ability to acquire and process seismic
data.
• The general structure is characterized by trends of folds with
100’s km of lateral continuity across the border from southern
Bolivia into northwestern Argentina.

Los Monos Fm.

Once the envelope of Los
Monos Anticline was
constructed at surface
and the interpretation of
the seismic lines at
subsurface; forward
modelling of the
Silurian-Devonian units
was used to constrain
the interpretation in the
core of the structure. A
similar workflow was
applied to sections 01 to
04.

Workflow

Tectonic and geological provinces map
of Bolivia, in yellow Subandean Zone
(Modified from Leturmy et al., 2015).
Green box indicates the location of the
Serranía Aguaragüe Centro.
Serranía Aguaragüe Centro.

Structural Interpretation of Shallow Domain

Stratigraphy and Available Datasets
Two main detachment levels are: the dark shales of
the Kirusillas Fm (Silurian in age) and the dark shales of the
Los Monos Fm (middle to upper Devonian in age). Both
décollements are characterized by pervasive internal shear
and folding.
SURFACE DATA:

The fold geometry was
constructed considering
the dip data available,
surface contacts between
key units and well data.
Dipmeter and
formational tops of the
two wells (Well-01 and
Well-02) were used to
perform the structural
interpretation of the
shallow domain.

Results

Discussion
• The change in vergence of Los Monos Anticline from north
to south, is related to increasing shortening towards the
south.

• The geometry of Los Monos Anticline changes
along strike; verging westward to the north and
verging eastwards to the south of the study area.
This variation in fold geometry takes place in less
than 20 km of distance along strike.

• According to the forward models, the angle of the ramp
which generates the Fault-Bend Fold geometry controls the
backlimb of the resulting anticline in the Lower Sequence
(Silurian-Lower Devonian units) and could potentially
determine as well the evolution of the breakthrough faults
detaching at the base of the Los Monos Fm (Intermediate
detachment level).

• Considering the stratigraphy and seismic data,
the outcropping Aguaragüe and Los Monos faults,
are detached in Los Monos Fm. The thickness
variation of this stratigraphic unit is related to
the significant deformation during fold
development.
• Faults 1 and 2 controlled the development of the
foreland directed duplex below Los Monos Fm,
displaying more displacement towards the south
of the area (Section 03).

• Los Monos Anticline at depth can be interpreted as a
complex overlapping ramp anticline composed by at least
two thrust sheets. The geometry is compatible with a
foreland directed sequence of thrusts detached on the
Kirusillas Fm (Basal detachment level) and developing
fault-bend fold geometries (Suppe, 1983).

• The interpreted fault-related folding below Los
Monos Fm in the core of the anticline is
controlled by the Silurian detachment (Kirusillas
Fm). This basal detachment level has been
interpreted at depths ranging 8.5 to 9 km, with
a regional dip of 2º towards the hinterland.

• The units above Los Monos Fm. show a different structural
style due to the faults breaking through the core and the
backlimb of the anticline; fault-propagation folding may
define better the overall geometry of this structural
segment.

Conclusion
B: Seismic interpretation
of Section 02.

• There is a decoupling of deformation above and below Los
Monos Fm. during the evolution of the structure.

Forward Modeling

• Los Monos Anticline:
-At depth, has been interpreted as an overlapping ramp
anticline developing above the flat-ramp-flat fault
configuration, detached on the Basal detachment of the
Kirusillas Fm.
-In the shallow domain, the Intermediate detachment level
controlled the development of breakthrough thrusts that
follow a Fault-Propagation Fold style.

To test these different styles (A: Section 02 and B: Section 03), forward
modelling was carried out to propose new ideas about the structural
evolution of Los Monos Anticline.

The main structural feature in the
Serranía Aguaragüe Centro is Los
Monos Anticline.

• The combination of two structural styles means that the
shallow outer geometry of the fold does not necessarily
represent the structural complexity at depth below Los
Monos Fm.

•Field data (Geological map approximately 262 km2 and
521 dip measurements).
•Stratigraphic columns.
SUBSURFACE DATA:
•Wells (well logs, dipmeter data, formational tops and
geological drilling reports).
•2D Seismic lines (PostSDM; spanning ca. 73 km in length).

Stereoplot with projected dip data
poles and the Best fit Plane

Correlation of Existing Wells

Stratigraphic
column of the
Bolivian Subandean
Zone (Modified
from Moretti et al.,
2002).

Correlation along the Serranía Aguaragüe Centro. The structural position of the
Huamampampa Fm in wells XN-2, XN-3 and WELL-02 is the highest in the area.

Sequential restoration

• The Intermediate detachment level is a structural barrier
that separates both structural styles in the anticline.

• Restoration of the Aguaragüe and Los Monos
faults show that the intermediate detachment
level at the base of the Los Monos Fm
controlled both faults.

• The distribution of the reservoir units along the Serranía
Aguaragüe Centro shows four-way closures with fair
possibilities to be considered as potential gas reservoirs.

• Restoration in combination with the forward
modelling for the Lower Sequence, showed
that Los Monos Anticline initiated by thrusting
detached at the base of the Kirusillas Fm,
followed by the generation of a duplex system
that involves the Silurian and Lower Devonian
units (Kirusillas, Santa Rosa, Icla and
Huamampampa Formations), leading to the
formation of a foreland directed duplex
geometry.
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