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A new CA-ID TIMS U—Pb age of 130.39 + 0.16 Ma is presented here from the Pilmatué Member of the
Agrio Formation, lower Hauterivian of the Neuquén Basin in west-central Argentina. This high precision
radioisotopic new age, together with the two former ones from the upper Hauterivian Agua de la Mula
Member of the Agrio Formation and modern cyclostratigraphic studies in the classical sections of the
Mediterranean Province of the Tethys indicate that the Hauterivian Stage spans some 6 Ma, starting ca.

geyw;l;rds: 1 132 Ma and ending ca. 126 Ma. These radioisotopic ages are tied to ammonite biostratigraphy and
Bii)osirart(;g?agﬁz calcareous nannofossil bioevents and biozones recognized in the Neuquén Basin which in turn are
Ammonites correlated with the Mediterranean standard zones. A new geological time scale for the Valanginian
Nannofossils —Hauterivian stages in the Mediterranean region integrating astrochronological and radiochronological
Cretaceous data differs with the current official geological time scale which still maintains poorly constraint absolute

ages for the Berriasian-Aptian interval.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Up to now, the global ‘standard’ Upper Jurassic and Lower
Cretaceous stages have been based on stratigraphic sections in the
Mediterranean Province of the Tethys, and are mostly defined by
ammonite biostratigraphy and calcareous nannofossil bioevents
that have been calibrated with the M sequence of geomagnetic
polarity chrons. But the lack of precise radioisotopic ages from this
region has hindered the construction of an accurate Late Jurassic
and Early Cretaceous numerical time scale despite the efforts of the
International Commission on Stratigraphy (Cohen et al., 2013).
Since the international stratigraphic chart published by Remane
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(2000), each four years a new global geological time scale has
been produced (Gradstein et al., 2004, 2012, Ogg et al., 2008, 2016).
But only slights adjustments are proposed in these successive
contributions to the Late Jurassic and Early Cretaceous timescale
and the boundaries between stages and their duration remain
uncertain (including the important Jurassic/Cretaceous boundary).

Our studies in the Neuquén Basin in west-central Argentina are
aimed at reducing these uncertainties. Here numerous tuff bands
occur, interbedded with often richly-fossiliferous sediments.
Vennari et al. (2014) and Aguirre-Urreta et al. (2015) provided high
precision radioisotopic ages which are beginning to fill a gap of over
14 million years in the numerical calibration of the current global
Early Cretaceous geological time scale.

A new CA-ID TIMS U—Pb age of 130.39 + 0.16 Ma is presented
here from the Pilmatué Member of the Agrio Formation. The
measured section is El Portén (Fig. 1A) where a tuff layer is inter-
bedded with beds containing ammonites indicating the base of the
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Fig. 1. A. The Neuquén Basin in west-central Argentina with exposures of the Agrio Formation and localities cited in the text. B. Generalized stratigraphic column of the Mendoza

Group.

Holcoptychites agrioensis subzone, Holcoptychites neuquensis zone,
of the early Hauterivian. The Neuquén Basin (Austral) ammonite
sequence can be correlated with that of the Mediterranean Prov-
ince of the Tethyan Realm (Reboulet et al, 2014) while two
calcareous nannofossils bioevents recognized in the section also
provide tie points with the same events recognized in the Northern
Hemisphere.

This new age, together with the two former ones provided by
Aguirre-Urreta et al. (2015) from the Neuquén Basin and the
cyclostratigraphic studies by Martinez et al. (2015) in the classical
sections of the Mediterranean Province of the Tethys indicate that
the Hauterivian Stage spans some 6 Myr, starting ca. 132 Ma and
ending ca. 126 Ma.

2. The Neuquén Basin
2.1. Geological setting

The Neuquén Basin is a triangular-shaped, retroarc basin,
covering more than 160,000 km? that developed in a normal sub-
duction segment at the foothills of the Andes in west-central
Argentina (Legarreta and Uliana, 1991; Ramos, 2010) (Fig. 1A). The
complex history of the basin began with Triassic rift deposits during
a phase of continental extension. Afterwards, the basin was subject
to thermal subsidence and eustatic sea level changes. Marine

transgressions from the Pacific Ocean led to the deposition of a
Jurassic-Cretaceous sedimentary succession more than 7 km thick
with several petroleum source rock units and reservoir intervals
(Vergani et al,, 1995). In the Late Cretaceous a change in tectonic
setting led to inversion of the basin and the formation of a fold-and-
thrust belt (Ramos, 2010). The last marine deposits in the area
(Upper Cretaceous-Paleocene) are related to a transgression from
the Atlantic Ocean. Sedimentation then continued under conti-
nental conditions, producing synorogenic Tertiary strata which in
turn are covered by widespread volcanic rocks of Tertiary or Qua-
ternary ages (Ramos and Folguera, 2005).

The infill of the Neuquén Basin during the Late Jurassic-Early
Cretaceous is represented by both marine and continental deposits
that are placed in the Mendoza Group (from base to top, Tordillo,
Vaca Muerta, Mulichinco/Chachao and Agrio Formations) (Groeber,
1953; Legarreta and Uliana, 1991) (Fig. 1B). Laterally continuous
outcrops and an abundant fossil record, combined with the inter-
bedded tuffs, make the basin an excellent site to carry out integrated
stratigraphical, paleontological, and radioisotopic studies.

2.2. The Agrio Formation

A transgressive phase in the late early Valanginian led to the
deposition of the shales, limestones and sandstones of the Agrio
Formation. This unit rests on the Mulichinco Formation of
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