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Abstract

Intraplate belts are considered among the most enigmatic features in plate tectonic theory. Their origin remains not completely understood as
well as their episodic character, usually concentrating long lasting uplift and deformational activity. In this work we analyze borehole, 2D and
3D seismic data in an intraplate belt crossing the Patagonian region with the aim of revealing its multi-episodic character. Seismic data tied to
borehole and surface data show internal unconformities affecting synrift deposits of the Neocomian and lower D-129 Formation associated
with initial stages of the Pangea break up. Above these erosional features a first canyon incision and important thickness variations characterize
the upper D-129 Formation and the Matasiete Formation in association with contractional structures and strike slip faults, interpreted as
synorogenic strata. Then an erosive unconformity separates Cretaceous from Paleogene strata, being these in turn incised by deep canyon
features. Horizons slices performed at different time intervals allow deciphering variable sediment supply and structural control, through the
identification of distributary fluvial and deltaic morphologies, with a nearly constant source in the northwest.

These features indicate that the San Bernardo fold and thrust belt uplifted and structured through the Late Early Cretaceous times through
isolated uplifts in a context of highly oblique convergence, and Late Cretaceous to the Cenozoic in a context of more orthogonal convergence,
showing that Central Patagonia has absorbed variable amounts of shortening and strike slip deformation, which constitutes valuable
information for biota and paleogeographic reconstructions as well as for oil exploration.
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v Intraplate belts are considered among the most enigmatic features in
plate tectonic theory. Their origin remains not completely understood as o
well as their episodic character, usually concentrating long lasting uplift & " T
and deformational activity. In this work we analyze borehole and 2D g
and 3D seismic data in an intraplate belt crossing Patagonian region ;
with the aim of revealing its multi-episodic character. &
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weaknesses that can be determined from synorogenic strata and
thermochronological data (Gianni et al., 2017). The Andes are locally
associated with intraplate mountain belts separated from the orogenic
wedge and interrupting the flat morphology that characterizes the
foreland zone. That is the case on northern Patagonia, where the
typical flat-lying topography of the foreland zone is interrupted by a
prominent relief that exposes Mesozoic to Cenozoic rocks in the San
Bernardo fold and thrust belt, a major intraplate belt crossing
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different perspectives determining contrasting uplift stages during the '
last decades, in the last years considerable understanding has resulted
regarding timing and orogenic mechanisms from extensive work
focused on the San Bernardo fold and thrust belt (Gianni et al., 2015;
Navarrete et al., 2015; Echaurren et al., 2016). This belt is interpreted SANTA CRUZ
as related to the tectonic inversion of Early to Mid Jurassic extensional s
structures in successive contractional and transpressional stages
spanning from the late Early Cretaceous to the Neogene (Gianni et al.,
2017; Navarrete et al.,, 2017). Its uplift has constituted itself in a
mountain system morphologically independent from the Andean
orogenic wedge to the west. Therefore this system has
compartmentalized Patagonia in two sectors with implications in biota
evolution and climate (Folguera et al., 2017).
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tying of the stratigraphy. Synthetic attributes, sequence stratigraphy

and seismic geomorphology were the main methods used to interpret  Figyre 1a. Location map of the Golfo San Jorge Basin. 1b. Available data
stacking patterns and their lateral variations at different scales of  4nq structural cross section. 1c. Stratigraphic chart of the Golfo San Jorge
resolution, vertical and horizontal. Basin. (modified from Gianni et al., 2015). 1d Log type.
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Extensional control exerted on Mid Jurassic depocenters of the Lonco Trapial Formation and lacustrine Neocomian units in the western limb of the
Perales anticline. Deltaic lobes of ~100 km2 interpreted for the Neocomian sequences with a SE-directed distribution pattern. Interpretation of fluvial
and deltaic patterns for the lower D-129 Formation that shows a strong control on extensional topography, similar to the underlying Neocomian
sections. Extensional relay faults control fluvial and delta trajectory visualized from a horizon slice on 3D seismic information. Interpretation of fluvial
patterns for the upper D-129 Formation that shows no control on previous extensional topography that controlled the lower D-129 Formation section.
Note that this fluvial pattern is south-directed which contrasts with the lower pattern that is SE directed. (Pagan et al, 2017).
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Evidence of up to 100 m deep canyon incision n.
the upper section of the D129 Formation in the
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Lower Castillo Formation showing evidence of strata fining
against the limbs of a compressive structure.

In the mid section of the Castillo Formation thickness variations up to
200 m are associated with strike-slip faults. Thickness anomalies are
the product of channels belts with low amalgamation (LAST,
| | Catuneanu, O., 2019) of layers (or high accommodation) and high
N | ratio of flooding fine sediments vs channels (multi-historic channels
o LOF ~—| systems).
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Fining strata against the
fore- and back-limb of a
contractional structure
in the Bajo Barreal
Formation. Variations of
up to 200 m thick are
recorded in distances
less than 12 km.
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Regional angular
unconformity (2-3°)
between the upper
Chubut Group and
the Paleogene
sections  showing
the mild rotation of
the backlimb of the
Aguada Bandera
anticline after the
Cretaceous and
probably into the
Paleogene.
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Canyon incision up to 80 m deep
affecting Paleogene strata at the fore-
and back-limbs of the Aguada Bandera
and Perales anticline, indicative of a
reactivation of previous structures in the

_ Paleogene.
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- The degree of preservation
- of the eroded paleosurface
... “could be associated with the
" relative age of the paleo

The degree of integrity of each " landscape. Therefore, a
deformation front and the continuity of its softer surface could be

segments can be associated with their S 7 e related to an older surface
relative  age. Therefore, greater \ |
continuity can be related to an older
structure and less continuity, to a 3 B 25km
younger one. (Giampaoli,P. and Rojas
Vera, E., 2018)
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and a more detailed
surface, to a younger one
(Giampaoli,P. and Rojas
Vera, E., 2018).
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Structural cross section across the southern San Bernardo intraplate fold and thrust belt, builded from 2D-3D seismic and borehole data. The thickness
of the sedimentary column between the anticlines exceeds 8000 m. See location in figure 1b. Summary of the location of the different deformational
evidences and stages discussed and illustrated in this work respect to the different structures that constructed the Patagonian broken foreland system.
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‘canyon incision affecting Paleogene strata at the fore- and back-limbs of the anticlines,
indicative of a reactivation of previous structures and regional uplift.

Anaulir converaence angular unconformity between the upper Chubut Group and the Paleogene sections
lstgike-slip dnmii:'lates} showing the mild rotation of the backlimb of the Aguada Bandera anticline

‘ ining strata against the fore- and back-limb of a contractional structure in the Bajo Barreal Fm

1id section of the Castillo Fm thickness variations associated with strike-slip faults
(Gianni, G.M., et al 2015) Angular convergence

d ¥ h ower Castillo Fm showing evidence of strata fining against the limbs of a compressive structure
(strike-slip dominates)

anyon incision in the upper section of the D129 Fm in the forelimb of the Perales anticline

erosive-angular unconformities in the forelimb of the Perales anticline affecting the upper D-129 Fm

deformation associated with reactivation of neocomian depocenter

The evolution through different stages of the intraplate belt in Patagonia from data collected in this work and previous data discussed in the text based
on Gianni et al. (2015) and Miller et al. (2016). Note that between 120 and 100 Ma a nearly perpendicular collision of the Chasca-Catequil mid ocean
ridge produced a highly oblique convergence between the plates, while was replaced by a more orthogonal convergence in Late Cretaceous times

associated with the approaching of the Farallon-Antarctica ridge, which is compatible with strike slip deformation with localized uplifts in late early
Cretaceous and purely contractional in Late Cretaceous times.

CONCLUSIONS

Seismic data compared with previous field work demonstrates that the Patagonian foreland was affected by polyphasic deformational events that
started in the late Early Cretaceous and expanded up to the Neogene. Seismic evidence comprehends unconformities, thickness variations, onlap
relations, identification of valley incisions, that constitute valuable information about synorogenic sedimentation and erosional gaps that affected the
Patagonian foreland zone across the Aguada Bandera and Perales anticlines corresponding to the southern tip of the San Bernardo fold and thrust belt.

v'Jurassic to Early Cretaceous evidence of extensional deformation
v’ Late Early Cretaceous evidence of strike slip deformation and localized uplift

v’ Late Cretaceous evidence of contractional deformation

v'Paleogene evidence of regional uplift
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